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Abstract of JP2001 291 720 

PROBLEM TO BE SOLVED: To enhance a 
copper wiring formed through a damascene 
method in dielectric breakdown strength 
(reliability). 

SOLUTION: Cu wirings 46a to 46e filling wiring 
grooves 40 cut in a silicon oxide film 39 are 
formed by chemical and mechanical polishing 
and then subjected to a cleaning process, and 
the surfaces of the silicon oxide film 39 and the 
Cu wirings 46a to 46e are processed with 
reducing plasma (ammonia plasma). Thereafter, 
without breaking a vacuum, a cap film (silicon 
nitride film) is continuously formed. 
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I#fFlS*<73g5ia] 

[it**i] uT<Dffii&z<g;&^ k&&mk-rz>*m 

(b) ifE^T^ v -7<D±.l£M 1 ?>£ffi±K^/& $ ivtz 

~m i (ommm ■, 

(c) ±fES? l (Offi^^E(r^$nfca^iA^g5« 
?g ; 

(e) ±iEa Aii^-ia^fgjs j; u±mmm.K(n^mi6 4 v 
mmcommmm^wm^ixtcmm^ y rm ■, 

*/na$jui ; 

(g)±i5±i*iii^y ? ;i>&mmRv±.izm 1 ro^mro 
®Mm<om&.K<Df%ft<Dm&te. o. 8At. %«?t 

ifo ?>o 

[If** 2 ] If** l SB«coi|i3K*:*«lHlKSI«»=*s 

[It** 3 ] If ** l rao^MMttftWaB&Ci::*; 

-C^tp^t*W«i:i-5*3|Ef«ft«igK5g«. 
[If** 4 1 If** l IE«c0^flJ««lElKKa^fc 

[»**5] if ** 1 !E«W¥«i*:*«l38^eK:fc 

iff* fcfctSfcJt* fcfi^rix 5> (Dt£M<vm-g-£X*b -5 r £ £ 

[If** 6 ] It** l IEttro¥*#*8(l3:$3&tt(£:i3 
VT, ±IE^£i^<75fig^(7?fi«JiO. 2 At. %WTt 

tit** 7] m*mi&m<v*m>fcmmi5}%,mw^te 

l^T. ±i5^a^^<7?2SSl4 0 . 0 8At. %WT 
lit** 8 J »**lEftW¥*fc*«l3K8«»w*3 

v^r, ±$zmu9\-<of&ft<Dmm*o. osai. %kt 

[If** 9 ] If #* i §E*fe(D^a|ft:*«lH]SSgfi{ctJ 

<^r, ±.%&muft<of$.#<Dmm*o. 0 2At. «tt- 

[If** 1 O ] If #35 i etfto#i*tt£ffilElIg£K£ 
14 i o nm*if*5: irjSr#^£-rs^fls*«aislK 



5^ uito 

lit** 1 1 ] if** i iE«w¥-^*«risJK^fi«- 

So 

[it** 1 2 j it** i tsMi<o!tm#mm®i6mmz. 

(±3 n m«Tt-*)5 : t 5r#'«t t5^SMffl0S£ 

Wo 

[If #* l 3 ] lf#* l lEttttiMtffr&srial&KIItt: 
*il S X . ±ffiiiJ6^^-ia^?t Jo J; t/±iE&iB6?Lrt <£>{BSfi 

f4l 0 nm*ifi,5; i-i^flcJIiaiHlK 

[it** i 4 ] it** i nMHD*m<*mmisa6&wiz 

14 5 n mUTXh Z, Z £ £ 1"3 ¥*#:««Ih]^ 

So 

[if #* i 5 ] it jk* i %zML<v¥-m&mmi£i®mwiz 

Bo 

[»** i 6 ] if** i tm<D^m^mm\B}m^miz 

H2nmEtTt-*)5A\ 4fcl4±SE^IH4/< y T^i#: 

lit #* i 7 ] it** i fa«cw^^*«injgsi£HJw 

fcl^T, ±IEtl*iZ : ^ffi»tWit'i(4 0. 4/tmEtTT?*> 

[if #* i 8 ] it** i mm<D¥m&mm®i8mmz. 

[If** 1 9 ] If** 1 tE^W^ftr^^tHlSg^atr 
[!f**2 0] (a)»l W±ffi^*-rS^igf$:StS ; 

1 C0*6f*fl^ ; 

(c) ±IE* l rol6»B!*ffi«c:^)**ixfcffiftii*iaiSl 

(d) ±IEil*6iA^ie^fft<7?i£ffi(-tS:it Tiw^l 

5 fc»<©SBtt?L ; 

(e) ±taiii6iA^ia^«*3 4 t/±IE«^?LWjKa5*3 4 T>* 
WffiW^B^lr^^nfc^mtt^y TBI ; 



it J: V±IE» IM57L S * ii * n fc« &■ i: -T S 
/MEIWI ; 

*#0. 8At. %tHTT**)0, 

/ujKoMoMdCH: 9 9. 9 9 9 %W±^i-^ r t 

2 1 ] »*« 2 0 lBtt*>!N*{t*«[s]B3fiB 
WS!ig3r8:U:*3l^-<\ ±fE£@<7)&&«l± 9 9 . 9 9 9 9% 

[if #rjt 2 2 ] «#« 2 0 lE*e>#i*{&ll«IIIB&* 
74^9 9. 9 9 9%W±T*fe5^-^'-y hSrfflVfc^^y 

OSg^BcoM^fe, 

2 3 ] it*ri 2 1 mm<D^m^mm\Bi^m 

(29 9.9 9 9 9%W±-Cfo-5*— h£rJBl^7t*'< 

WiWmiz X 5 spate Lfc&, ±iE* * y 7TftlWKS:«fiS 

<k i-S ¥WH(UXlHl£&ilroSt&5& 

2 5 ] If #if 2 4 I2«c<7)%*«c*«Ih]?S^« 

[If #331 2 6 ] If #rl 2 4 tS«<7>¥*{«i«[H]Sg=gl« 

[ 1**11 2 7 J »*S2 6|EttcO^«ff*ffllHl?g^B 

[lf#rfl 2 8 J it*rS2 0C4fi«>^««|c«ff|§IIS»C 

^ix?> r t *¥rmbi'z*mteMmis}&$im(omT&% 

2 9 ] 2 8 SE#tf>*3*{**«lE]fc»tt 
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3 0 ] If 2 8 f2*C0^J»^*»[5]ig^g 

t^w^7 y-^coti^wsij-g-fiWitfc-eo. i%w 

[if #«t 3 1 J If *rl 2 8 f£«OT^^ft:*a[£l?S^H 
y — ^wiS&wiiJ-SiiSfSJfc-CO. 0 5% 

[»*«3 2] m*m 2 0 iE*ro^^*sfingsgfli 

At. %Un r ^fc*;i£&#*£i-5¥*#*8Hgi&S 
B^MSt;^. 
I If #if 3 3 ] If #11 2 0 ia*<0^*{*4MX[ElB&B 

8 At. %WT-efc5ri:SrW»i:i-5**«:«a[HllS 
JSB<0«ig:fr8:. 

3 4 J §f #il 2 0 IE«<7?^^ffi|s]gSSB 

5 At. %WTT-<fc5i££#mi1-£#*frA«[H]g§ 

[If #JS 3 5 J If #il 2 0lEtt<a^*{&MX(s]&§£ff 
offii^ffitwtJ^r, ±fsaaw^cogg;^«ojtStt 0 . o 
2 At. %EAT-efc*rt&*«i-r*#*&*«l3i& 

iff #11 3 6 1 if #ri 2 0 mm<D*m&nm\5i&mw. 
miPwmmn^m-x . ±ia**tt/< y 7i©tif 

[If #31 3 7 ] it#Jg 2 0 f£*W^3|{fcm«lElSg=giB 
[B*«3 8] If #11 2 0 SE«cW^3lft:*fllllIgSSfi 

[if#ii3 9] «#iS2 omm<D ^mi^mm^mm 
mi^mmmzio^^x. ±mmm.^< y nrott)? 

4 0 ] if #11 2 0 mm<o*mi£Mm\2}i&mw. 
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V ^»^0?)tB¥tt 5 n m^TXh % Z t <t "T 5 

[If** 4 1 ] if** 2 0f2«jro^*fr*ffl[HlSS^« 

. «M*iWffifflt»^*3V^-C» ±B*ttt"<5 Tl©ft fcj? 
V^8B»«3fflWtt 3 nraKTT'fc5 £ t &&Wlff 5** 

[IS** 4 2 ] If** 2 0IStta¥WMUK[§ltt£a 

E]gg3Sll©»i6;*rifc. 
[If** 4 3 ] If** 2 OISttro^fr«aiHl?§^S 

[if**4 4] If** 2 0fE«<O¥3|{«fc«|ElSSSe« 
coM5t*8=|-*5^T, ±ffiili*ii^ia^«cotsiio. 2 
5 y m£XT-efc 5 r t «r*l» t -T 5 ^^JRflllBISSEB 
C9Miiy7?£<, 

[If** 4 5 ] If** 2 0 re«c<0¥3H**«lE]!ggff 
<OSJjf**^*3^-C, ±ISil*iA^ISM?fWtSi*0. 2 

[000 1] 
[0 0 0 2J 

LTii. *6«lgLb(c:, CTxtfT/U? = fete* Vt/ 

ot/^-=y^t5;t -dan* *mi&-tz>&:mm±L 

[0 0 0 3] LA>U ±IEid)^^lSWi-±3^-CI4. ± 

SiT-pglr-^ Doofc5 0 iS¥»4, 
^•>> (Damascene) tlfimiEiMW^W^ 
*XT^-5<, w<D^*^r->>-ffif4, tyl/V'/vy^'S^ (Sing 
le-Damascene) t T/vy-^r -> >" (Dual-Damascen 



e) jfetlC*giJT-#5 0 

[0 0 0 4] yy^^VyyjfelJ, «*tfi6»BlK:E 

0Sx.Ji-(k^6<J#t«WWS«fe (CMP ; Chemical Mechani 
cal Polishing) (cioTia^trtw^tra^ix-S J: 5 
fcflf*i-3 r. t \zX 9 , E***rt«::3»i&*EI*S:»j* 

[0 0 0 5] Sfc. Ta7;^7yySrt, HfegUg&twE 

x vrmsm t <om^n 5 tz?><Di&mi*M$L 

p m \z x o x &*m*s x tfKMTL rt^ta^naj:? 
<^E^ £ fl^i" -5 -ft *fc r fe a „ 

[0 0 0 6] V^mo*rJ£l=*5^-Ct» EigilCD±a|ffig 

b , e«j 7Ltemm<r> x s msmwtmu^m $ 

4x5 0 SETA'S =?A«fc 9 t<SSetT-fsffitt{C*Slt5 
l§IU.BEj(»ffietSr»5ro^J»Sr»<i-5ii:!S»-C#5 
[0 0 0 7] L^U iEii. WilST/uS =-^^9^ 

y^^r^ff) x o tifccD&mtfcmx.xmm.m^zmw. 
sn«^t$ix-cv^. zcDtzib, mz&mmt lt 
ffli/^^-g-. i^b^^iiii^s (js®*Jitj<ftij 
E) . -t-^*3*>, la^fftcortitffi (ffliffijsitpjgffi) 

&-tz>&mm-ihZ>b $*it^5. la^t^ff^ 
$4xfc«6^ssro±s±<o^ffi{^ ±teJi66ii^-ia«<o± 

[0 0 0 8] -co J: 9 ^ll^^ga^SWt'olN 

T(4. CT^Lli^^l 0-1 5 4 7 0 9 *$*#U:iiMfta* 
*>9. «*ii*l!iaj»Sr. iSSgifcliKHM^3 
p pmWTcoiS^g cofflt -far tfrj; 9 . fflco^ffiK: 

= h*-^coa*ii^ttSr(6i±$-fr-5ftWi4SBfl^ 

[0 0 0 9] Sfc, 01|X.(4^¥ 1 1 - 8 7 3 4 9 ^ 

$R(r(±. &mmzmmittexxmmi*j&f&istz.'&^ m. 

S*9 9. 9 9 9wt% (5N) U±CO? — fv V Srffl 

ga4S»*3«tO f »igt7Lco«ffi{r^t:f^ 
^/^^>flglSrx<y 7lt L-C»n!ti-5fttB*SBI!»*Jx 

[0010] *fc. 0iJ^li»^¥ 1 1 -8 7 5 0 9 ^ 
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m&tc\*¥fffl¥- 11-220023 4§-4*$8lrii, t*7<0 
(O'Ol 1] Sfc, 0iJxli#5B¥ 11-16 9 12 -5§-<& 

mat, mmiL<nmw>><bniii-rz>mmnft\zmf&£ti 

[0 0 12] 

[0 0 13] i-fcfc>*>. «Hw, «S:±$tgi:t^l 

[ooi4] ^21-. ±mmi wp^^i?j*-r-<< . m 
[ooi 5] i3i;, m^^Mmmt-r^m^>\h^mM 

[ooi6] m4tc mtb^mm<Dumm t , 

[ooi7] *^Bj<^s6tii4, m^^Mnmt 
[0018] *mw<Dt&(Dgm*. mz^mmm 



[0 0 19] *3g^WfdW@lft(4. £@£±iifL«;f 

[0 0 2 0] Sfc, *^(OteOSW(4. ii^i^m® 

[0 0 2 1 ] #3§W<7}fiil<D@i$tt, ®?r±«mS 

[0 0 2 2] *fc* *3§^coftil<7>iE$te, «5riill 

[oo2 3] *^m<niftmtebm^(Di&<D&ftkmm 

[0 0 2 4] 

[RISr*ftt5fc»«)¥ai *IB*w*3^TBB*Six5 
[0 0 2 5] 1 . #38 Wf*. Jfft»)B«e:^$nfcI!flgBrt 

LT^J*Ufc#jft*2:*3V^T, 0. 8 At. %UT 
[0 0 2 6] 2. ±E*llw*5i^T, ±EDD 

[0 0 2 7] 3. ±E*1^*3V^T, JiEBD 

[0 0 2 8] 4. ±E*ltw*3V^-C, -hlEHfl 

SBrtic ±E»«tt^<yr*e**s#ftL*t^t>^"e* 

[0 0 2 9] 5. #S6BHtt. ±E*l^j3^-r, ±E0fl 

»rt«;±Ea»a*>*^E«ui^ESfl» iti^t© 

[0 0 3 0] 6. ***S«ll:)BfiltJ?hfc 
l6»W-l!fl»*»*t5lS, ±EDfl»rtSr^tr»*BI 
±l:iitt/<yrRSr*St^IS, ±EDD»rt*r^tf 

t5I8, ±E^^^«*5j:V8M|tty<yTH!S:»*+ 

z>z. t^xy ±Ena«Brt iwSt«tt/< y rm*ir \,xmtb 

«^b^Sixfc¥*ff^y^^Nf^^±Effl*ai 
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0«f|a^^/HIIO«H<0««tt9 9. 9 9 9%Wi^tl) 

[0 0 3 1 ] 7. ±E*I 6 1:1*51 ^T. ±IE^ 

«^)«^9 9. 9 9 9%EJLh"Cfc5*— ^ 

[0 0 3 2] 8. *$£m&. ±ia*6t^i3V^"C, ±E> 
«0#EStt9 9. 9 9 9 9%£L±-Cfc£^~ 

[0 0 3 3] 9. *$g93li, ±E*B6lC*5^-C\ ±I2t< 

[0 0 3 4] 10. *380§H\ ±IB*9«r*5t^T, ±E 

[0 0 3 5] 11. **Wfi, ±E*9K*3l^T, ±12 

[0 0 3 6] 12. *«9Jtt, ±f^l9^^oV^T. ±15 

[0 0 3 7] 13. *36Kfi. ±E*l9iw:fe3^T. ±12 

[0 0 3 8] 14. *5B91tt, ±f2*g9lCjo^T. ±E 
««*<Bj*5><a»«tt0. 0 2At. %KT<bi-^>t>co 

[0 0 3 9] 15. ±IB*9«r*5V^T, ±12 

v^«5>*fctt*t*v^8B4>oHtJp:tti Onm^itt^ 

[0 0 4 0] 16. #351531*. ±|2rS9ir*5^T, ±12 
[0 0 4 1] 17. *JBWi, ±EBfl»*:»j«Lfc*, 

[0042] is. *sswtt* ***ss±ic»*sn 



J: «9 iEBDttrtfciWttt/* y Tttfc^$1 B u:s«>i&^ 

»**nfc^**^y^o^^jS<^±Ea«>a*^ * 

^E»Jifc*5Jt5<BK^^^»*3* s O. 8 At. % 

te, «&^^ti-5^*/i-«l^*Lfc«FjR-e^mE 
* f *m<Dffi(Dmm$: 9 9 . 9 9 9%K±tt5t©-e 

[0 0 4 3] 19. aMgWIi, ¥3fft£K±£>l6gMKt:: 

ji Timzmm-r z> ie, iieooas^tf awn*^ y r 
KQfl»rt^3HBtt/< y TWk^ck u-c»*a*> */ue*s 

\Z&tfZ,mVJ-9\-<»f$.ft<OWi$t*0. 8 At. %£ATt 

£ i--5 p< ? ^m&Mfc LfcB#,^T*Ottlfe> * /UBS 

[0 0 4 4] 2 0. ¥3HM£«±«*ft*«K 
ffl»ii*Ei»i»j3J:U««i»?L«r^i-5xe, _h!Hili6 

y r«±iwflpis:^^i:-f* * **m*m 

EiisllSlrtL, iE^frSS^b^SJxfc* 
^ 5, yro^Wf^O±|Effi«?Jai^.^ * ^EiSSUBKSi 
V%mj>9V<F>&ft<om&*0. 8 At. %£tTtb, -h 

fcES£r9 9. 9 9 9 %U±t 1" % t©tfc5, 
[004 5] 2 1. *^BJ(*, ±IEJS2 0(r*3^T, ± 

tt/<yTiBt**iai-'&xa^ftsto-c, ±ie**{*:js* 

[0 0 4 6] 2 2. *«SJ(±, ±IEJS2 0»w*3V>T, X 

M?:ffiS:t5I§rof - ±E*+y7T6»«o»*l 
Sroffirlc, ±SE*fe^*3<tt) t a«>a : *-E«®OT±ffiS:, 
JItEI* 5r *-f 5 ^<*:w#iaM ^ 7 X-^fttSi" 5 It 
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[0 0 4 7] 

[0048] 1. TDDB (Time Dependence on Diele 
ctric Breakdown) gfr^Oj&K (tctx.lt 1 

4 or) <DM7£&ftTx*mm$\z\t&ttm^mi£*to 

(tzkHHO. 2MV/cm) i^fflt 

**«JfetettfflLfclW4r*U (a) ttspflBBk 
(b) joctD? (c) (a) fw^ttSB-B' UKrffijs 

gff^x/^TEG (Test Equipment Group) ^iSiC^ 

1M2I:«J*U tlS^yhPl, P2li^S« 

<aE*M6. EttMHL EI*ff£ttfaftfcO. 

5o ffcES^Iiil. 5 8 X 1 0 5 /imHf: o IS) 

S'SlcfitfSSft, KP 1. P2BB^««E«flE 
SB ft* (I/V«3t») ^^M-T^o W^r-ySH 

*H-eiDj»*nK»a** s i 4 o°ciri^g$n^ 0 

0°C. IMS 5 M V / c m^^SrM/T I fc 0 TDD 

Bm&wmaz7£mj£* b u^&Hsmat* h \^^mt 
awsftas 1 ^ a/ c m 2 ci 1 f^r^ ^ t d d b ^ 

(5MV/cml:iol«TDDBM) t L7t Q 
0. 2MV/cmW5iieH (f#lft) £V^7^ 

^trf*^om#3*S^wSbfc 5 -cob* 

Mi: LTTDDB^<^fg£:/Hl^*^fcfo<5o 

t<0»<&Sr^5 o ft*3, TDDB*AttWE<0«»Ei* 
LT«^Lfc*&«r^5a s , ISK<oElftK<a«»*fftS: 

[0 0 4 9] 2. ^X-^Jaairtt, ^^X^ttJiJcfc 



[0 0 5 0] it^t£#ffl^<^7X^£te, ilTt^ffl. 

T^tt)Sl\ fciitf**7^*^iNH 2 7^ 
[0 0 5 1] 3. *JH-C^O»fttV>5»&^tt. K 

%£ I* 5*^14, #*A<Z)W*Sfc*£F a , #J*B<7)R 
iffftSSrF b <t IT, Fa/ (Fa+Fb) =0. 05 

[0 0 5 2] 4. <t*««W* (CMP) tte, — SSfr 

IK tc*3^T ft tt5Jf^ffi^^IKco$g:^®lc^LT 
£-&Z>Zt\Z£^ X SrtT 9 C M L (Chemica 
1 Mechanical Lapping), * coffee S^?S^A^^^"t* 5 
to, M5SSSrtfflU^igS7y-CMP4^t>t 

[0 0 5 3] m$L7 y — «Kffitttf> 

0. 5%J:5tK»flE0^9y*fflv^fcft*»«W«*: 

l *^y:**>W»««tf s *2 ^y^flWMflEJ: 9 t> 
Hff«_b, a*U<«4 2#rW±/hSl^*&ft4f^tt, r 

off i yy*(owm*m<L7 y — ^ 5 

B^n-fe^SriSft^y-fk^ttlWWSTWiv »]»:»* 
y n ir ^ *i»ia< t W» "CfT 5 fc * tP b <7> fc 

[0054] 5. fctt, -«S:ic:>fk^^ 
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[0055] sit, mm. o^ya^p) ttt, — 

7yfc:£**L5T/u$-J\ 5/y#4£0»*fci*5. 
[0 0 5 6] 6. EfrftSOirtf:, <feJR<D*ffifc:liWW±, 81 

r^icioT, CMPicJ:^W^^iitT^P£ih^Aciijrp 
»J-t-*SHfflSrV^\ -m^>S h y T^-vu (BT 
A) fcWHfc/BSftS (l¥L<li4#P?B¥8-6 4 5 9 4 

[0 0 5 7] 7. *ttt/<J7Rilt, -*lw«*JinB 

yrttow«ii-c*>9, — gjk^^v (t i 

N) , (Ta) , WCZ^Z^ (T a N) *f<7> 

[0058] 8. a»a*Ei»sfctta»a*^#^E 

^S^ii, — ^xtCiy^^/U^^^^ (single damascene)^ 
ft^T/ls?-? ^^(dual damascene) ¥<D £ 9 > 

yfr^i/^btt:* -fviftZ^ks &&m**s*'b<D 

[0 0 5 9] 9. »?69iy 
[0 0 6 0] 10. SftJfcKo^T, rAc^)B{C^-f 

[0061] ii. *pt^o^-c^«(*:*aiii^et 

SO, I (Silicon On Insulator) Slg-^T F T (Thin 
Film Transistor) fi£fi»igffl*«£ if t V^ofcffii^Sfi 

^»**aiHiKKii^»5scffl^-5*feft^y =^s« 

[0 0 6 2] 12. 



[0 0 6 3] *fc, (*aH«fcS[ 
[0 0 6 4] 13. >y hv-f h\ Wi\L*r4^k 

[0 0 6 5] 14. *-Yy:/]Rtt, S#i2^Ei»<Dlt38 
[00 6 6] 15. ^✓N^cz-fe^irte, JttJX3S<b &0¥ 

tin. ttswig*^^ c^^-^zh/n) <7>*tffi^e>ffi* 

[0 0 6 7] i6. ««tt^ y r«C0E»» (DDSB) * 
i/ts * h v?t SrWLTt^o 128 8 

fcE*jtf*6 1 rtM. /<!I7I6 2t^y^ y >^«rC 

mt\<^mz. -HSW^ftftK6 o<oJbSLbtfv<y tj« 

6 2co^j?D i ^i9o k*/<u— §mme 

ir) icfcttS^y TB6 2^*IttS:vn\ -t<oSS#T? 
-^li:, E^«6 1 rt^S®(^^tt5^<y T^6 2(7?« 

hjfca*i<z>E«»rtiw, ^yr«Sr»fRitt 

^IC^V^Tti. /^7l^lJl^l00nraT\ * 

K^7/< t v^^S 3 o nmSS, ^ h^^7/<U-^5 

Onmgg-C^ofCo ^/c, s< V T^Sr n ^ a — ^ 
/^y* y ^y&lcj; 9*t«(b3t*'&^*5^T«. /^7 
iOf^Rf^lOOnrnt, t^K^y<U— ^2 0 

[0 0 6 8] 17. u ls?*a— ]) (Long 

Throw Sputtering) ^<tl^. ^ h A^/<l/-^[fi!±0 

[0 0 6 9] 18. a^-h^'^Dy^ftll T 
Ht<^*#<cEI*»^»tt7L*J^J: 5 4Dfl«^ 
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[0 0 7 0] £iTO|llSW^fl8»w*3^Tf4-aEl:±-e<0!^ 
ttfcSWrfcHfffcfc , — *"(4te^o-a5* 

[0071] */t, wt^jeojf^i'^^t, mm<D 
mm (fife, twa, *, ttB*$rStr) fcms-rsis 

[0072] ^btr, uT<onM<ommz&\,^x. -e<^ 

[0 0 7 3] |H|«I^ «T«03£K«>7glfflfc*3V^ 

[0074] sfc, mM<D&i&&mwi-zizit><D±m\z. 

[00 7 5] *HJSC0^ffi{r*3l,'>T{4, 
b^^^^^^iXm-t^M I SFET (Metal Insulato 

r Semiconductor Field Effect Transistor) Sr^liM 
ISirB&L, pf t^/lr-SroMI SFET5:pMI St 

l&L, nft^SfflMISFETJrnMI SilSt, 

[0076] mmnum i ) *mmv>BB i k*j^-c 

(4, 0iJxf4'*^^^rCMOS (Complementary MOS) - 
L S I (Large Scale Integrated circuit) COMie^ffi 

[0 0 7 7] £i\ HI 1 io^i- 4 5 fw, M^.»4* 1-10 

^S^* J f-^Bt«2^y'^ bV y?9 7-< t K7^i 7 

CVDftT-SfHt->y =">Bt3**6aii-5. «tv^T»0± 
gBtf>®Hfc->y 3 vB?3 Srik^WW^ (cmp) 
-C-*©*fl6*:SR«M-6. -*xlr4 9 , »S<*>*?-#I* 
as 2 a ( h u^^r-r y u-->a ^) 

XtSH-pSPFfcfife (*?§it) JsiVnMa 
(0iJ^(4yv) W ^fTibiZ^-rSr. tCiot, p 



14, ~mt'y V = v^H^T-fc 9 . Riogf t-f 
[00 7 8] f- h«6tMK6 14, «f^t-> y a ^SH^ft* 

-hT*#, *6*iW]4fcfa± 3. 

!> aVJBUrJ&Si-SKH:. WfctfSlg 1 £NO, N0 2 

* fcf4 n h 3 t ^ o yt-^^* 'pxm&m-rix 
?n<onm\zmki' >j =• ^tftsy- hjUHR6*» 

[0 0 7 9] Sfc, y- Me»»6«r, M^i4^->y 

^iifMLtt6i\ SKk'>y av^bfcsy— 
h w^igs<7?*-y h^r-r y Tmz&z>n&mmjE<D{& 

T*S|Sft^-r-5o iftfDa^llft. ift'>!)^>I± 
9 fc»*J|s*Sil5^fc>?>»w-€:W-aWt'>y 

T, y-hlfttWIteSr*— oa<k'>y =v«*Si^»4-e 

ixtmc'y') ='^t<Dm-£mxwi$.i-z>zt\-£'9. -t 

3 So 4fc 8?2^->y =^I4, K-fk^y 

6 *mm<t-> y => >it««t5 ^ttao, y— h« 
a*m«r'<o^*6ft*ti|£srflESSffljfcit*i-5 r t ^mm 

[00 8 0] ::t-, fc w«-S-ia»Bl«> — 

drite, *f^i^-5lfe^WJt^ti*Sr e i, ^mif 

&di, 3ft->y =■ ><oi£&mm* t st L/ct#t3, 

[00 8 1 ] 
1*1 1 
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mUttmki/V =*> (S iO 2 ) ioiOl^Dny 

cs i 3 N 4 ) (Dmmm*. ^n^ti4— 4. 2*>j;^8 
-cfc^o *r-c* g^v-y ^xDmmmzmiki/v ^> 
<Dmmm<o2mh urn-n-rs^, wtifgfenm^ 
*ft y = - iwt v- y a ^miitaivM: 3 n m t a 

-T*to*>, RJf6nm^2ft'>!l3y|RH45y 

HWWi:tt«**U^ If2nm«y 
y^yg^gf 2nm^b>y3yJ8 1 

nm) k<D^mfrbtez>f- hmm$&<D^mi±. mm 

[0 0 8 2] H2l^ti5^ h#feliJg£6 
xttIs) 81*5 J: VW (fi'trxT*) I^5)45y-h 

Wyyt^Kmfc|j:^^/uh (Co) v' y INT KIK8: 
(Si) ^^u-m^A (Ge) fc<^^£rffl^Tfcfi 

(7) p -^^flcff « 1 2 «r**f So 
[0 0 8 3] 0 3ir^i-J; IthJUimkis 

y =^l»*rCVDjSfe-e*«iL, rixSr**tt^y^^ 

S^Ii$i«l4 (y-*, KKV) «r»/*U nS 
^ 5 i: H^ttWS(D p + S^l($« l 5 <y- 

ffl^T, n + i#Ift:iil4 (y-*, KKV) <0 

Sffi^ia'p^iftgiii 5 (y— KKy) 
^*B5iw*>y-y--< k«9St«*i-* 0 

X, nft^/UfM I S FETQnfeitfpf^l 
M I SFETQp^« 0 
[0 0 8 4] ENtc^-fct ?tr, SSi±i:CV 



fy^ts^ ^rtdj^ «9 . n + pi*s«i4 (y- 

U p + Smiil5 (y— KHy) C0_bfR 
- Hi7©±»l:t3y*? h*-/u2 2 
[0 0 8 5] BWt^y 8f*, y-hmffi7, 7 

0iJ;ifi B P S G (Boron-doped Phospho Silicate 

Glass) m-vmat-tZo *fc, ^^^siaotr^ 

SOG(Spin On Glass) gt*MLTtJ:^ 0 
[0 0 8 6] #ClC, ^y^y* h*— /U2 0. 21, 22 

t-li, Wilf^y^^ h*-/U2 0, 2 1. 2 2CQftgP 
«:*trtWfc*>y ^VlRl 8(0±^{^C VDfttT i NISI 
*5J:WWR«r*ta[Lfc«, BMb'>y = v«ti S<D±M<D 
^54T i Nflti3J:tfW]BS:<t¥«*W« (CMP) ft 

^2 0, 2 1, 2 2(Drt^l:mb^gS:Sto 
[0 0 8 7] &tc, Eistc^-t-J; 5^. gHfc*>y = >-J« 

1 8 0±g5i:« 1 1 g 1 4 S WE» 2 4-30^ 
«*"f-5o WE12 4-3 OS:«fi8;i-5^tt % 

K7^x 7 fym 0 IlI@OWEi2 4~3 0 
ft, ny^^h^-/L'2 0, 2 1, 2 2 SrilCTn^* 
^USMI SFETQn^y-^, KK^ (n + S^ 
»*ffli^) , pft^lMISFETQp^y-7, 

K^y (p + M^f$fP«) fcs^tty- h«i7 t 

[0 0 8 8] 06 (a) , (b) \Z7ft-t£?\Z^ 

I1HOTES2 4-3 o<oJb»fcBMb*>y ^yjgi3 

7^x^f y^t^fty y n y-^3 i \zx/u— ^3 

2 — 3 6 & J&f£Ltc'{k* 7/^-^32-36(0^ 
fc>^9^3 7fc*rti-5. 4*5, B6 (a) 
«<a£ffi<£>gg&2pffiSK (b) (a) <E>A-A»CDWf 

[0 0 8 9] mkisV =>>Bk3 lit, mz-\i**S^ (* 
fctttt*) i:fF7x^yy7y (TEOS) <t £ y 
-^^f^trffiV^fc^yX^C VDSt'W^io Sfc, 

-^2 0, 2 1, 2 2 0O(^a^7 P ^^2 3 £7F2J*LfcyJ 

[0 0 9 0] aclC, 07 (a) , (b) iCT^i-J:?^, 

■Wb->y =^*3 i w±«B«c^7X^cvDtt-eKip:5 

0 n m(^»l ^tft y !) 3 yg 3 8 Sr«S L , t^tfft 
y!i=>y|3 8C0±giSiC^7X^C VDSt*gH4 5 0 
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— * — /U3 2 — 3 6(D_h§|5<30^t:^y 3 9 fcitf 

^Ifc^y ^>13 SSrBfcSU E*M*4 

EL (b) tt: (a) <DA-Am<DWiffiMX*$>Z)o 
[009 1] EM4 0-44 iMtSI-fi, 

-4 4^«di$n5SMk^y =■ 9*>tjHw*v^ 

y|R3 8S:xyfymii:l:i5, I^flMO-4 

[0 0 9 2] #Cl£, ±1EE**»4 0-4 4^rtSB^«T 

[0 0 9 3] *1\ HI 8 iZTjk-fi. SMHt4 0-4 

4 0rt»Sr$tfiWt>'y ^^13 9<D±M\ZXs<y* ]} 
^?1kX\ »t^T i N mik?-*^) 14 5S:*6SfUfc 
«L T i NJg|4 5<7>±gSi-ifij»«4 0-4 4<Di%£ X V 
%>+#\zm^WB* («tli8 0 0nm8» (DCumi 
6 Sr^/^y^ y >^ffi-e«Bli-* 0 ^CDT i NISI4 5*3 

y y * — y 

[0 0 9 4] |*VvT\ 0fl;t«4'7 5 tSA<7>*BMl:t£# 

am *-e*« i ?:Wt^ r. t 

H«toTCuK46S:y7a-St E»*4 0-4 4 
cortffl^ERM4< Cu«4 6S:a«)iitfo 4*3, 

n ^'s/^ y y^is^isc u«4 6 ^, tot^!) 

y*y^fcUi±0JBj«U Cug4 6Ctl3 

[0 0 9 5] T i NJgl4 5 tt, C u <at£»&fifiji:i-*« 
tg&WLTl^o TiN«45tt, Cu§?4 6£ 

Tt^ 0 £bt-, TiN«4 5lt ±KCuJR4 6<Dy 

[0 0 9 6] *HMlli:i3^t{l TiNl4 5 

**W#fc^«tW3B*^J;ntf, r<7)TiNJR45£r£ 
bi3#< % «Ki-w<b fC#5r. itfWJL 

7t 0 rturo^xi*, «o|t)l6<D»lB6KI»i-i3^"Ctt 

[0 0 9 7] Z<D£?fmiZZ*mi-Z>mtL,X\Z. Ti 



NKftitT, Cu i:»ifRJ6 L4^WN, TaN (»t 

Si &^Lfc*t£K\ CutglSLIV^ 

Ta, Ti, W N T i W^4if<OS5iH^JRSr^^5 

[00 9 8] W:, ^<^«t 5 4CufflS4 6*3«tt/T i N 
Bt4 5Sr±|ECMP^««cioTWB-r5o 
SfcteJU-f 5 CMP »«o^«Wj*(7>-« Sr B 9 \cm 
-To 

[0 0 9 9] C(OCMPgf lOOIt ±ECuR4 6 

■t4 6^»*snfcawi***»iR*i-sci-^i 2 

0. Cu«4 6W§, 2pffiWti"SflFS&Sg|51 3 0, 

ffl i 4 o . pj%k®>m*mT vtimm i sr«a»i"5 s-e 
ffifrmmu i 6 o^j;tftt$»T Dtss i 

[o l 0 o] Hi Oic^i-J: CMP3ggi00(50 
wmmmUl 3 ote, ±SB^HlP*ixfctt*i o i 
LTio 9 > 0 1 ^*9#»tfenfclHHK(lll 1 o 

2o±««^tt, ^e-* i o 3\zx^T\£i&mm£nz) 

fflmOfc (y^T^) 1 0 4tf>ffit«9{i-tt b*lTt>5o -<^> 

[0101] IWffiftiSl 3011 S«l £r 

ft^t^/:i()^^/^t !l 7 1 0 6 ^f^TV^ 0 * 
x/Ndf t y 7 1 0 6 Sr» OftitfcBftt* 1 0 7 11, 

J:9[lHEKI&£it, ^offMl 0 4©±*t±T»Sf 
[0102JIS1H r^y^-y y r 1 0 6KKftb 

lxfcH3fi»#«* K<k9. -t^ffi-f-fcto 

*>*W»BS:TlPJ# £ U»>x/^t y T 1 0 6l:ftj? 
$tt^ 0 S^x/x^f y 7 1 0 6 OT»aiwf4, £fi 1 
ftSS^apflffli o 6 a36SJgJ*SixT*5 9, ro|HI»l 
0 6 a rttrSIK l -t^SWBffi^^ai^ 
y 71 0 6 OT*ffit»i*fW— **fll^w§felilLfc* 

[0 10 3] W^^l 0 4Ol*l:ii BS^y Kl 0 

5 ^ i (?) w^i ^ <7)f B i 7 y cs) 

9, -tOT**»e>fltfe*nsW«^7ll (S) trj:oT 
Wm*v ] J (S) tltil Wx.tfTyu*-j-4 4f(OiBlft 
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[0104] ft, :^iiffiiasi3oit is/<y 

Kl0 5C0*ffiS:S^ (Ki/^yy^) 1-5fc«>tf>Ift 
■e*5KUytl0 9S:Ix.t^5o :<7)KUyf 10 

9 wmm i o 4 co±^T*±TUb-r^iK»tt now 

[0105] W**5»7 bfcXS l He, E&tt%38B l 4 

an 4 on ±mi,tzmmt&mui 3 o<nmf&bmi&>v 

li-O-^h y T*S—jv (BTA) 4if<oS5ttfflSr^«f 
!K*^**lOiffilc#t|&Sn5wi:«cj;o-C, S«l 

[0106] mm*?!) cm**) m 

iliHl 1 *¥ffirtTMIIte$i*:rt:SS l 
^pjffiSrPVA (/KlI^^T/^^u) 5 ft-o-fiSc 

»«B<Z5*a«*^b*5P31Bf«W^7^l 2 1 A, 12 
lBtft*. ^5v/12 1A, 12 1B?:I6l(7)II: 

»LT«ii:4a5rt-eEite bft^ tats i ^s^fi^c: 

Iff tr fr 9 c £ J: 9 , we&SSfB i 3 o -ess i ^ 
£ffifcfl-*b*J9F**9 y *<aBMfc»J*+#fc:|fc*U 

[0 10 7] Bfrtt*&«aM*T Lfc*S l tt, t<D&m<D 
K5o 15 011 0MS#yS#JI*T b/cXS 1 

fcAMt ^4"*w9f£tfctt<D*SlS:a** 
-frT«*"*-*«iifcfcoTV*5 0 Culfi^2 
8-30 o«*ft;*6&*ftkRjES^Jtlf ft^atff bfti >g 
*w«ja»c*aibfc*B*S:«aHflc«3»-f-5r. £lw<£ 
9. C uE«2 8~3 OcojgttSrJ;?)— jiffltHJ-Kihi- 

[0 1 0 8] Xfil WttjUkRihtt, Wx.tfjW*'>^r!7- 
<0#»ft4r, ttSSlo*BDS:fflffl«IB«wi!it«p 

[oio9] i 6 oHi»iSsnfc*« i 

l-WSlxi. gMfc#j&*?Di-5*:tf>i;:NH4 
OH£r ft trifciWft ft ¥<n §1 T /u* it mfo £ 8fc«S b ft # 
fe, SSl co*®^^>7-7^9ci^ (^/cliyyy^) 



bfc«, 7y»**fftS:agSlo»BBfc^bTiy^ 

fc, ±E0^^9^*#lcifefir*fc-tt3tfTbT, £Si 

8fej*Sfctt*B7K^tr^i)t»bfcO, SSloSffi£r£&7k 

[0 1 10] ±B**»«»W*Tbfc*ttiH\ 

-^1 7 OlORSSiX. «tft¥St-)Sttftig- 

[Olll] ftjb\ 0 l 2 C/TtJ: 5 KttMl^^ 
Tbfc*Si<^*ffitt«IS:S&Cfc«>^Si«»«a 
»^»«) 1 5 0 Srifotfllifil- U ftftoS« 1 <D$t 
BBlcBWJtft^BBitsnftv^J: t^s-e* 

BSC J: 5 i-T-# 5 0 »Zft4Q>3g|S 1 5 0 ^S*«itlc-r^) 

rtffl5<aHBff3:^ft< 1 1 5 0 £f£b<tt 

3 0 0;^^OT, £ fel-£F* b< (4 1 0 0;i>?x£kT 

[0112] 013 \Z7rz^~X 9 fflS*&3<£>ii: 

i-ftt>^*o*BBfc»ofcw»^7y^ioiMfca*= 
3SSB^»a6$n. w»^7y*co*^aw«ei(i^j:o 

X!&££tiXi> «tv\ il 3t:/TtCMP^f2 0 0 

n^22o, cuiiii, ¥fi<tbTiaj»*»fi6-r 

5»*ttl8( 2 3 0, ffl^teT bfcSS 1 co^BSr^ 
»*«R«j6192 4 0, SSl Sr*as»i-6**» 
2 5 0J3±t/«aG^»TbfcaSl S:«ftt)tJR 
ft57yn-y2 6 0Srlit^5 o r^CMPgg 
2 0 0SrffiofcCuffi^^n-fe:^T*»4, W0#3«Sfl 
2 3 OJCjoV^rWli^MtCM^JxfcSSl tt> fflfel 

<omk, i-ftfc*>*<o*ffi«catofcw*^9y+oiMk 
W&1A2 4 oicffiin^n, y "fOTk^snfw 

*«t»*ixfc* 4 ift»Alll!2 5 OfcttiSSft, 
gt7yD-y2 6 0tCiR?$tl5c 

a^ita^feaa5^BB*ft*4xs*-e<oBn, iisi^s 

Kihi-Swt^prtBirft*. 
[0 113] ^coi 9ftCMPfet^J:>5iJF^X^5rg 
gefk'>y 9±C0C u^4 6 joJ:t/T i Nl 

4 5^iiU Ell 4*C*i-± 9tw, E«»4 0-4 4 
rtlrc ugfi^4 6 a — 4 6 e ^ff^^"5 0 

[0 1 14] C uIS^4 6 a - 4 6 e k&tikis !) 
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=*>-j8£3 9<Dmm\c7 f, 7X^rmm&MTo 01511 x 

(a) £><fct>*¥HE) (b) "?fo5 Q fc*3* :^/7Xv 

««fcoi*TH:, *B*W*4 4f^J:4*H|5pi 1-2 

2 6 8 7 6*fcE«l4jL"CV^ 0 

[0 115] r^S^glCJ*, D-Kn^^i3 0 1 
(I2o^Mi3 0 2 a, 30 2 b^tyKV^7 
zn^^ 3 0 3#^9 tttf^ftTl^o a-Koy^i3 

o *mmirz>*7$v h3 04mso 

d-Kd7^130 1 t&il3 02a, 3 0 2 btCQ 

[oi i6] mmm 302a, 302b rttctests 1 & 

{5M^£lHrX* 3 0 6. ^«!:It5^y7/ug3 
0 7 , iHrX* 3 0 6 S:^t^JmW 3 0 8, IMr 
^ 3 0 6{C^fS3bTiaS$n5^ yv/a)K(DiS3 0 
9, /<y7A4E3 0 7trf5Jf3*j6jLTiaa*ixfcl6i»« 

3 1 O^tt^o *ft*«3 1 OttlHrX* 3 0 6 <tm® 
3 0 9 0lBa^O^*»ft«*l?0***««:»«li-S 
fEffl/*Sfc5o iHrX* 3 0 6(Oj|BB«fcr4R*t^=y K 

3 1 1 ^{zns^thtz^^ys i 2^gf^n, 

3 1 2£«Lfc#*M6 3 1 3^8 3 1 4£fii§LT 
^irX* 3 0 6ioJ:t>^«l Kflg|t£ft5o Ztl\Z£V 

[0117] *Q.SS 302a, 302b J±^<OrtSPSrSS 

KiM^^h3 i 5^6MSh5« mm#*\± 

X y i/=.yi<DmM 3 0 9 Sriiifi UtSi 1 ^fi^iC^ 
SWo M^ttS2v = *-/UK3 1 6^e>#UJS 

iJD$ft, iHr:/* 3 0 6 <tm@3 0 9 t(OPfl-CX7Xv 
^r^^fei-^o S5SiK«#lifc£;tfi 1 3. 5 6MH z 60 

[0 118] feIS3 0 2 a "Cil £ fttttW"f 
5 7 ^TT 3 ^ Xv&l^ffbil^c tilt, Mi3 

Bl) ^*ft8WSfTtoft<5 0 ^J1^3 0 2 a t*0f^3 0 2 
b kfio-Kn ^130 1 Sr^LT«ttSlxTV>*fc 

< i Sr*aaa 302b KMtssi- 5 r £ , r v 

[0 1 19] ilELfc^^X^aSfiSrfflv^ 
1 l:7^x7X7X-7«iIS:lSt 8 *tyh 
<Y ^9 7 =.4* 3 0 3^bSS 1 h 3 0 4 Id J: 

9D^Kny^i3 0lH»A$H5, u-yuyfM 
3 0 1 fe+»4*te*tt»C*5*-Cj|ffi#*U, ntfy 
h 3 0 4?rffll>T^li3 0 2 a K£« 1 S:«R2l1-5o 



jfili3 0 2 a (^y- h/</uX3 0 5SrHC, «m&3 

0 2a rt*+^4j|^iz««*-etwsbfc*, 

3 0 2 ai:7y^^7^7Sr^AU> EE^fReg^fToT 

0 9 U 016 Id^-TJ; 5 s« l 

I^7Xrfelf5 0 3f*«FMoftia«*ffl«t«lfSr 
ffclbU ^7X-rS:ffihi"5o felS3 0 2 a 

rtS:*ffi#«b, h^A-X 3 0 SStBBv^TczjRs, f> 
3 0 4i-i «9S«1 Srn-Kny^l301 Id^mi" 

titt^/i^ **io*aiB^*«»iB«iw»snsr. 

[0 12 0] X5X^fil*tt[4, S«l<^ 

^-rxsr8>fv^ (=2 0cmii) t l terns, mm 

J£J]&5. OTorr (=6. 6 6 6 1 x 1 0 2 P 
a) , RFt*^6 0 0W, StKfttf £ 4 0 0 "C , T> 
■^TijftfiS: 2 0 0 s c c m. #kaB#BflSr 1 0S>i"^5 
^t^#5 0 MW^6 00mi 1 s£Lfc 0 * 

0. 5 — 6Torr (=0. 66 6 61X10 2 — 7. 
9 9 9 3 2 X 1 0 2 Pa) . R F MJjte 3 0 0 - 6 0 0 

w, S=EMS«3 5 0-4 5 0 < C, r:<^e:^T8M;ra:2 

0 — 500s ccm, MSIPtraii: 5—1 8 0&\ Hffiffi 
BEBttt 3 0 0-6 00rai 1 s 0>|fiH"eKff-*"5 - £ # 

[0121] rcoj: Culfi||4 6a-46et8 

ft^y =*>jg£3 9<7?SD5^^7X^as:J&-rr tiz& 

CuEl4 6 a -4 6 e 18 J: tffifcffc !> =*>I*3 9 

1 (tjt^y^yR) tCuEi46a-46e*5<ti; 

[0 12 21 W:, n#s/h 3 044ffl^TS«lS:ffi 
Sl3 0 2 bi:iigf^ o &!S3 0 2 b©y-h^ 
X3 0 5S:EBC, ^113 0 2 b^+^S^SW 
a*-C»»bfc«, ^S^3 0 2 bl:^7> (S i H4 

?>SSi3 0 9Ci#^WDLtX7X^^Mt, 01 
7 td^-Tct 9^, Culi4 6a-4 6eioj:«jb> 
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^— 0 5SrlJBi^TD*s/ h 3 04l: 

i!}SKlSrn-Koy^l3 0 1ll»ttit5o £ b 
ir N h 3 0 4 Sffll^ty h>f ^7x>f^ 3 

0 3Ui£Si Sr#fcH1-5o 

[0 12 3] Mikis!) =i>Bt4 7<7)Jg|J?ft, fc£;iii5 
OnmW^c f&3/Ig<OEI*<b!£2Jf g(OE 

ft (Cuii46a-46e) fc ^7 ^«r« 

«<o*fe-e. *3JiBKi»<oai»a*cuEil»^»*$ 

*X$ 0 01811 iJ8LftCuEl»4 6a-4 6e(D« 
X n ir * CO *7 a — H -e *> £ o 
[0 1 2 4] Ell 9fc*7»B<BE#*-C«:»j£LfcC 
MOS-LS I CO— MSr*"*", ^lgE<E>EiS (Ml) 
ft, WIBLfciiO^^^^VlBl^bftS, |gl/ig<0 
Eft <B«]5*3 ± tfEft tr y ^ (RttEft £> * >C^ b * i 

^T'COSggt) ft, #J;tft0. 4 /zmgfftSfcttO. 2 5 
[0 12 5] &2JIEft (M2) 5IEI 

(M5) WELfcCuEl»w»^*s-e»Jti- 

5o *2/IEft (M2) *5<kU<&3/IEft (M3) COT 
iNiOfJH #ij;tft0. 0 5^mgl Cu^(OJ¥ 
Sft, CT;ift0. 3 5jumllS, Eftl8*5j:l/Eftfcry 

&>3o »4SEft (M4) *5j;tfJB5/lEft (M5) CO 
T iNl(7)J?$H CT^fiO. 0 5^mll CuJgl<7) 

j¥£ft, Mxitfo. 9 5jLnns«, mmm&xxfBMx 

OMmgSStttO. 2 5 /z mil* 

[0 12 6] *fc % 3?6JfEft (M6) ft, ^Jxft^V 

lMi^tP5 0 Sfc, fS7SEft (M7) ft. M 
itfryu^ ^^Afflt^b^Sc *7«Eft (M7) cv< 

7/iE^ (M7) SrT/i'S Ai:^>^^^>ct(7P^ 
mmX'ffif&LX\,^Z>m&<D lo<0<t LT, ^(DfgJflgi 

ft, ^i>^E«*3ftt*fflu*v^a*^****«ia 

SS^UBE $ fix v ^ a^b xh 3 0 

[oi27]ii «EftM i <t is 2 behum 2 1 zmm. 

/cftO. 2 5 wm e*T*fc5o ®2lE»M2tS3i 
EIM3 <t Sr^^-r^^/u— ^coSSti. 

O. 5 mg*£fcftO. 2 5/imSS-Cfc5 9 131 
E»M3t*4JiEj«M4 k ^/U— *~^<D 

S^ft. #J;Lft 0. 5/imSK*fc(iO. 2 5^mlfi 
T'fcSo »4JfEftM4 <t^5JiEftM5 5 



0. 2 5/im8St*5o l5liEiM5tl6lEi» 
M6 k%feWLlrZ>*Ji'— JWW&fr, m?Lli0. 5 

/imgJSfeliO. 2 5MmgSffc5o 

[0 l 2 8] *||J6o«M»cJ:ixtf, TDDB*A^ 

M2 (CuEi46a-46e) £ I^S £ frfc T 

EGfy7 , /U©TDDB#^S:^t^77t*)9, *H 

7*—* (7^f>Ref) tW«F*C5r-r o H^bW5>^4 

[0129] 021ft, **«[0*fl|-caiffl Vtzmti^ 

Lfc*&£Wfe*B»tt*V* (7>f^Re f) o — £ 

S£*£itft\ *^ftco»la±il T D D B ^^[^]±t 
5o L*>U ^-<oft±cofij^ft*:# < ft< , T^-e^T 

:^Wo rJxft, TDDB^^Et^IBii 
t&mm<D/<;\s? x 9 ft, *<DlMeas3tRW-0*5£fc«: 

[0130] ^f^<bft, ry^r^x 

-^atd £ 9 T D D B m& & fa -hi" £ AM* «r«Wff 6 

[0 13 1] 1212 2 -[21 2 4 ft. CuE^ii^XP S 
(X-ray Photo-electron Spectroscopy ) ^W^^o^S: 
^Lti^^yXh^o &m<D (a) , (c) ftCu2p 
0^7t^*4r^L, (b) . (d) ftNl s^Jttt* 

[0132] i22 (a) , (b) li7Xf«|OC 

<b , r Xf^l^ Cull: ft^^ ft#ft L^^r ir^ 

b^5o [212 2 (c) , (d) ft, CuiCCMP^ 
fe*LfcDt*^CuEI»*B4:»WLfc»*-e*>5 a C 
u2pWb-^HI:Nl s^k-^^^ix5 0 
WELfciiO^^y lwttBTA^$4tt5fc*, CuS 
® tcag L fc B T A CO 4- ffi^ L X V > 5 (O t ttft 
■C#5 0 m2 3 (a) % (b) ft, CMPtH^S 
"Cfifofcttttoc uEIS^aBSr^WLfcttS-CfcSo C 
u2pt°-^[:fflj:abii4^7)\ Nl st c -^v| 
TlTi^o 8fe*jzi9 BTAdS|(fe**lxfcfc%*.e>lx 

s 0 023 ( c ) , (d) ft, aa&»a***H*^ 2 
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ft*. Nl s tf-^teH«Jl^JtS»tttjlfcix4i\ 
[0 13 3] r^iSfclWkSnfcCuEIIHcT^s- 

r x^ x^«at* Ltftn© c u isi*«s£^#r Lfc 

fe*3ftSH2 4 (a) , (b) -CfoSo CuOfiOt'-^li 
Utfi*LTl^ 6 — *\ Nl s fcf— *«:3S<£C-CV> 
5 0 Cu*ffi^»cSlxTII**S3l#tk^nTi^5i:t 

BMfc£ftfcCuEI*fc:3 5 0T:(D7k^«\M^^^Lfc^ 

(d) -efc^o Cu2 P t-^i:o^r, i24 (c) 
£0 2 4 (a) i: Srttft-Tixtf, i^7Xf«i (0 
2 2 (a) ) fra^d^b, 7k*Jftffl!ao** s Jl5Ett 

ttav^*x.e>n5o — ni s t'-^tets^A^sa 

[0 13 4] U±CO^m^h, 7^^7/7X^1 
J; CuEi4 6 a— 4 6 e <Z)^gte^^ £ £ t 

[0 13 5] B25tt, mkis!) = ^JBISIEOX P S # 
WSrflo^iieSSr^i-^^^-efc^, HI 2 6 *5 <£U<0 2 

IMk5/y =>VJH<^K*^*r (TDS-APIM 
S) Srffofcfe*Sr*-r^9 7T*fc5o BMb^ya^BI 
^«fl-*3V^Ttt. CMP*te*j*S-CfTofctt» (X 
D7r^^C) . CMPiftMl:7KiX7X^Ml?r 
fiofcKfS (Xn7r>f^D) , CMPtjJMi:7y 
^^TX^X^a&tTofcfltfg (7 p D7r^^E) , 
CMPtffiMl:li^7Xv&15:ffot^i (Xn 
7r>f^F) (lOV^^tfco ^jo x 7 p n7r>f^C 

[013611125(a), (b) ttttlCS i 2p7 
h/l^S:«*LfcT r — *-C*>5, (a) lilOnral 
(b) ft 2 nmaft^SBSSr^WUfctO 
"■CfcSo 025(c). (d) . (e) [i#^N 1 s . 
Ol s, CI s^^^ h/^MLfcf^t**)§c 

[0137] 025 (b) a»e> % zkSfX^x-^aa (X 

077^^) cote^^/u^— ftij (102eVttiS) 

[0138] 025 (a) frb, 7^^-7X7 X"v4& 
a (Xn77^^E) tt*^?X-7j&l (XD7r^f 



/l^F) (7)105 e VcDt: 0 — ^^{S^-^u*— flJ^JE^o 
(10 3. 5eV) liS i-0-N^^%t^^ a 

mils 9 n ^K<z>«s*'&ft: s Jt-cv ^5 1 «« sns, 

02 5 (a) t (b) ir^tbR^b, £fls«:*E 
"C±9Jft< ZfrXh^k^zibtiZo 7>^7X7X 

i r/i*^7 x-7&ii^ i 5 gjt ft, 025 
(c) TfcfltB-e#s 0 

[0139] 025 (e) zkSX^X-eflyg (X 

X7XvMli: «t 9 *S©t«»^»4 $ ttT V > 5 r t 
&t>fr&. CMP8 (XD7r^K) (7)289 

e VCQt^-^fiC-OjfS^t^ib^So CMPfKli 

[0140] 025 C f ) tt. Si t°— ^ £Nh°— ^ t 

T ^^7X7X^1 i £31X7 X^«ia t T?tt(il£ 

[0141] 126 (a) , ( b ) , ( c ) , ( d ) 
#^MS4 1 (A r -H) , 7 (C 2 H3 

) > fit 5 7 (C4 H9 ) , I»5 9 (C 3 
H7 O) SrfflU«Lfc^7 7-efc5o Sfc* 02 7 

(a) % (b) , (c) , (d) K&*mm;m2 8 is 

U C2 H4 ) , Sif 4 4 (S i O. C 3 H 
6) , Iff 2 9 (S i H, C 2 H5 ) . Sit3 
1 (SiH3 ) fe»£lfc^77-e*5 c 

[0142] 026 (a) T^b. X7 X-e&JSK «£ 5zk 

(Xo77^/^D) <^l8Miia**Stt^*& (5 6 0T:) 

[01431026(a). (b) , (c) £X 
o-fe^tt*««lia)p»Bt^JI I 6^5. — 02 7 

(a) - (d) mmm<Dmm^<D}i o -<? <d&& 

Si, SiO. SiH. SiH3 k&t>jh,2><, # 

MT\ S iOOpHHttftfenS^ 7y^7X7X 
vfeltiiS iH. S iH3 (DMSSimZk /uifm^S 

7^^7X7X^ITlis i- 

«0»-&*s*tW<. 7KiX7X>MSi7^n7X 

[0 14 4] BfMt^y =^JBt*ffi^ 

^>^Xy KOJDKHfcftS S i -OH^S i -O 

-(i, 7^^7X7X^11^:^ iiv^^^s i 
-0-NtHSSn§t%i5)lx5o 7y^7X7X 

(DS i -0-N^BtaJ£L, ^/i^c^s i -O^^Ift 
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[0 14 5] EU:<0#W;i£Sa>«b* TVf^T^X^ 

featwit). SMb**tfccuia»<^*DBtta5c$nTc 
[0146] *&m&bi*T>*~T7? x^mm&fT 

Lfc 0 T v^-TX^X^&JSSrtT ofc*H 

[0 14 7] *HHIlO*J||-ett, CulE»C0S»t 

*ftffi«;<ojHfl«te*-efc5 0 Mil 1x7X^1* 
b) £T^rLTX7X^&a£LfcS^£-era, f&o 

4§-& (7X^X7 X^r^a, **7~— /K HXyXV 
»S) fctt*LT#*fctevH»£*oTi*5. 02 9*5 

[0148] Mli L i 7 y^t ^7 X7 X^Ml^ 

(B129) ■ctt#aB(c»«t>ottae>n*i^^ 7kgtr 

~— /K ^^7X^^101^ (0 3 0) -eiiffffitr 

ffl^v^y D-sf K (C u S i ) if 7^/#£*l,T^3 0 

is VIM l~m&&ViMiB<DBmk IfeJiS, rflDJ:5* 

^t^R/S^j^n^, 7^^7X7X^1^ 

tatty!) =^t^KJEE^ffiil*lx4fc», y^WK 
l«$ixgi^%tyx^ *fc, **X9X^ffl. 
a (El 3 0 (c) ) £>*&KM\ #ffilcfBffe^(04fi!M6 



[0 14 9] iElfc»Hr8*^b, TDDB*^ 

1 (a) tt, TDDB»> ^-XACOffitB&ElSr^ 
U (b) te^^M^— K£r*LT^5 0 
to^> *MM(D&m<DT>^^Ty p 9^mm£M£te 

^i:»f*n, SHfcM (CuO) *»rt**t, * 

tyxi (*-ft*>y 3^j»4 7) <nj&f&<nmizmi<' v 

[0 15 0] Sfc, MEil»S:S«)iiAy-e«*-rs»ft|RHt 
«fty>)^l3 9) t*t^« (IftyU^g 
4 7) £<£>#®ii:. *HS^fi^7y^^7XyX-7 

#iB(:fiotK!l7hSftli»t5. +4 tot, EiftM 
coHUf2^r® tc y - ^ as»j£ Sii5, y - ^ SrSR 
It5 y-^HSfti*, «fiFlB^y— ^f^fflt««lt^J:SJ» 

[0151] ^ftlr^tU 032 (a) , (b) fi, Jh 

mr -7=7 x-rteasris l*:®^ t d d b fa_h 

Ui^o **MS^«tlB*=tel^'Ctt, CuS»4 6a- 
4 6 e (Omm^T >-*^Ty? X^famZM-ftibb^ C 
uid;^4 6a-46 e XffiOBWfc/IttSEc JfttjB* 
U CuEi»46a-46e ^SiCf^Sftl^M 

->y ^>H^3 9 ^$Ii:7>^^7X7X-7^1«f 
fc», *fb^y 3>Bt4 7 4:(D««tS:igttW^U X> 
^y K^«ftSr(S»Ut y— ^^^<o*fi8;S:«i 

^o, «^tt*S:»IM-e*6J:5*«Mb->y =v«l3 9 
tmtisV 3>B4 7 to«^#Bff«r»*-e*S. m 

[0 15 2] ^7t. WJELfc*HFf^b, 

*lSX7X-e«igtc:J; 9 , C u*ffiJiil7c$ix. S 
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i-OH^Si-HT«J^ 0 -t It, Ifty^ 
U s i -N-e«lftSix5o wlxfcJ:!9itlKW4»fk^ 

[0153] 033it TKm^v ^mm^frotim^ 

7^^Ref WQS&Sb) £9-f^A (T^^T^ 
H TDDB*AjW&gH£|ft±+5r£: zKS 

5a li/^Xvftl (7-<VD) T1j:TDDB 

#^»iotiTno H2 6, 2 7^bt>^5i 
Sl7 P 7XvM:J;ot^^otfflW« 

^iiiP LXV N 5 w <b (^^H-r 5 t SbttSo 

[0 15 41 *H»^««m £bt^> CuES4 6 
a-46 e*5«fctf8Mfc;*>y a >Jgt 3 9 <h=*-v s/TTBU 7 

[0 15 5] fc*3. T>-e^7\ 7k*o*— 
ft1\ T/u=*V. -y ?A*<D^ffite#*ia>iB 

*>oXfc&v\, z.<Dk%, 7&m. Tis^e=-T^ fesvM* 
x 5 %«±jg^£nx^* r^«gt^5 0 

[0 15 6] (HJfcOTgJffi 2 ) **W<0ttO|Hi<0«» 
tfc5CMOS-LS I <Dm&Jjfe&m3 4~04 3£ 

[oi5 7j ***o«j»fl!»t**fett, mm<Dmmi 

"fftto-fe, CuBt^>iWixa*-eH:nC-C*>6 0 ^ 
X, ETF\ CMPX8Ei«OlSSrRSt5. 
[0 15 8] 03 411 ffl*ii*CuEil»<0»^S;tCffl^ 

[0 15 9] 0^(7} J; CMPgf4 0 0H *JF^ 

&3SB4 0 1 £*<D«»fcRttbftfc«ifeiMB4 0 2 <!r 

^ (Sfi) i (Dwmmmzft? 2-^<D'mm (»i^»4 

0 3 A, *23£*4 0 3B) , W*»»WI*feofc*4R 

1 Sr^Hltfei^U -tO*flS^IB*«i3SS:*"f"^ y — ^ • 
^7-/3^404, Kfil — ^4 0 6, |gl>£3£ 
4 0 3A, l2fi4 0 3B, ^ y — ^ • XT— is a >- 



4 04, — ?4 0 7F B 1i^^Sj^^:5[£l^r— A4 

[0160] W^SgfU 0 1 COf^StCfi^ffllifcjf 
bofcSfiio$iSr^^7yffi*t5S**ffl4 0 2 
sWRltbttT^So SHfeiM54 0 2{^fi, n^40 
8, SnScitaU 0 9 A. Sl2gfci^g|S4 0 9 B, *fcT:/ 
K5^t4 10, TVa-^4 1 1 *4fri*R«£*lTV* 
5o f£gfe#SB4 0 2H ^tOlfiKDMl: 

**»Jtt5fl5fclSCfc»t, ift^I*l4 3 0-effl 
^tt, rtSM 5 1 8 O/^y^*, ^Klil00;^y^ 

*sf*»LfcaWl fc«jBttttt?*^HRIt**t*i:. *>y 
^ ^^TtiSlA la o T p n p 

n pfij ( + «) lw»«*JxfcCuBII^*aS**b 

[01611 035 5 ll£f40 3A 

H -t^T§B«-R*te>ixfcffil!i«*4 l 2(c£oT7R*P 
ffirt-emfeiEibi-^o Si^«4 0 3A^±ii: 

— tett9f+»fC»ritLfc«F«^-y K4 1 3^8i9ft»tb 
ttTl^o Ilf»40 3AC0_h^Cltl EttWflt4 1 
4 JC±oXJiTifc*3 it/TKspBSrt-eiaiEBKpi-S 
^rt!i74 1 5^R«$nX^5o *K 1 tt, 
/^fi)74 1 5<OT»»(-R*tbiXft:^a:^^y^ 
4 1 6ioJ:c>'y t 1 — ^y >^4 1 7(aot, ^^ffi 

K4 l 3irjf LttVhft&o wm'<y K4 130 
XSirSfi l ©KWiffit a)Wl^l±^7 y (feie»4 l 8 

£i!cx*^y mmm s^ttj&sn, asicoffiw 

^4 0 3 ACDii^CH IE®J^1S4 1 9iCj:oX±T»J 

*5«tr/zk¥ffirtxmtese»!ii-5 Kuyf4 2 o^iss^ 

tiX^>5o KU7t4 2 OCOTiSSBi^t^^-f ir^-V Ktt 
^Sr«*L/cS«-^Si9#Jte>ixXi3 9 x W*^y K4 

w^SWJc:J:oXS^^-9JffJSti5c #*5, I2f« 
4 0 3 B(i 2 ^ y Kf&V 418a, 4 18b 

R*t5>nxv^5^S:»#, »l£84 0 3Ai:lifflSI«t 

[0 16 2] ±fSCMP^S4 0 O&ffiotCuEi^ 
^i"5t-H d-^4 0 6 1 StEUe 

7-^ 4 0 5 SrffiotiI&ia4 0 1 l:«AL, £T 
03 6l:^t«t 9t-, Il£l4 0 3A^il:ioV^, 

9—ik*&Mtmm) (|u77^cmp) ^rfr^, 

AtrlBEjn*4 0-4 4<nmmC u^4 6 ^^*-T5 
(03 7) . 

[0 16 3] I^-C®B7yHkf«««Fitll T/u 
i>y *4 JfOft*^bft5Stt04tt* 0 . 5 
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[0 1 6 4] Sfc, WSS8£ LTtt. Cu(^JB**^JR 
CT1N14 5 (^ilTi) i^t^)Cug4 6(7)ffi 

< t h 5 «± t tt* i 5 

%<«BIMfczK*i: 0. 0 3ftfi%<D^^.>^<b^iD^, 
0.01 fi4%*ftic LfcflW«*M*/H 

[0 16 5] ±IBWaH*-eft*BW*flF**:fT9 *i* 
c uSi^|«JiaotM^, *ffi^*i^SMtJl 
* ti So * t wBMt* * bi- S S 
Jx*i±IEIMfcJl*s*»«i:4o-C»au. -blEIMtJi 

M**4f^J:«B*»Hsp9- 2 9 9 9 3 7**3j:im 
P^Fl 0-3 1 7 2 3 3^Kf£b<fa«£nTl>5o 

[0166] Vtm<D4kftt±. —&lt 2 5 0 g 

/cm\ V^*-r ]) t|«Hk«= 3 Orpm , ^»EHta*C = 
2 5rpm . ^9 U SE4== 1 5 Occ/min£ U ffi^y K 
ft. *Iof- yU(Rodel) ?±<^^K/<-/ K ( I C 1 4 0 
0) Sr^ffl-TSo fff^Mli, Cul4 6M*Jfh 
TTifi^T i N«t4 5*«ltmLfcli»jttiU H»jSo*ltJ 
tt. W**rtM*C ul»4 6^bT i NJg4 5M#ofci: 

[ o 1 6 7 ] in 3 7 iw^-r<t 5 1-. ±te<7)ms^ y -it 

*aWWtff5rfcti:9, E«it4 0-4 4co^U 
(DC u)8l4 6 J«&^8fe5fc$nTTJB<E>T i NJ»4 5 AW 
ttii-S^, (D3 8 (a) , (b) ^fc^VX^-tX? 



C ul4 6^JJH5Fi-S 0 

[0168] #Ct;i, Efttt4 0 — 4 4^a<7)T i Nl 
4 5 t-t<0±BH*w»gfW^aofcCullll4 6 t*¥k3k~f 
Zfztblz^ *«iSr, ±IEH3 4— H3 6^*UfcJKl 
£!4 0 3A^bl2Sl4 0 3BWl, «fc£r^ir 

f4, WS«t LT«7K^5*«%<7>aBft<t**, 0. 0 

;:<0ffi*i*H:. WfSO^^y K»ff4 1 8 a SrilCT^ 
2 56»4 0 3 B^WS^y K4 1 3 CTO$^X5 0 
[0 16 9] ^CO*iB3e{L^B|«Wli^*5V^T 
i*, T i NI4 5(D±Il^fjfK(^|o/cCug4 6(D 
»*«-5l*jgt^T, Eftkflt4 0-4 4<O^SBcOT i NIK 
4 5«rtfc*i-5 0 tltf, T i Ng|4 5 (✓< y T/f ) iC 

cui46 o?w«aiRtt:*smEiStt7 y ->ft^» 

#-eW*S:fTV\ E#ifc4 0 — 4 4<Drtgl5C9C uJK4 6 

[0170] W«<^*fttt, — 0iJ<h LTfi= 1 2 0 g 
/cm 2 . ^^>^r-^ y TEJ|e!Bc= 3 Orpin % ^^[Eitei&:= 
2 5rpm , 7i7li Sf£*= 1 5 Occ/min^ ffl^y K 
fi. o-r— y^±(7) I c 1 4 0 0 Srtt^i-So ^FSftliT 
i N^4 5CD^/5te^^^ U W*^*jSJ4. TiNl 
4 5 OBW* t WJfdlKd^Ilil Lfci*ni: J: otfH 

[0171)039 ^tj^-T X o tC N ±E^>*r®tt^*» 
«W^Sr^9^ tldj;^ E«k«4 0-4 4 0^gP0T 

i Nil 4 5{i»^m$nt7i^b^!J ^V§3 9 
*S»tHi-**, 04 0 (a) , (b) irftt^LT^J: 
5^. T«S»cfiHL-C*CfcBMt->y = >I3 ?(D 

*^ofcT i NJg|4 5^?lfft§c 
[0172] ^tC, Etkit 4 0 — 4 4 <Dft£|5c7)C uBl4 
6(?)SliS:Wiia9BJSJtoo, E»»4 0-4 4W 
^SB^SHfcv'y ^>^3 9±ir^0rMtw«o^:T i N« 

4 5 (/<J7|) *i»*i-*fc»<oaKW-fk*«i«w« 

(l3^r^OCMP) ^r^TPo wOil«ttfli*«« 
C u|4 6l:»t5T i N§4 5 cO^FgiltRtt; 

Cu§4 60ffBi|«i:»t5*fc'>y = 
>^3 9<OW»a«^>JtdS 1 t *) h±Z < *S*fl=t?fif 

[0 17 3] iEaiRW^^HIWWIBSrtTiJwtt, 
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fcl»IE#iSttft*»«BF*-Cttffl Lfc <fc 0 * 0 . Sfift 

fct^$:ttfflt5c IMfcJBfctt, Cu|)t4 6^*BBIw» 
*tt©«««Sr«*i-« - <ir tc £ot:W«<&ilff Srlfiit 
*fctt»»J-r5JlfflSrtH\ ^y/MJT^/u (BT 
A) % BTA*^>i^^BTAitfc 
tfrlJ-ffy^ h!iry-;K h y ^ h V Tz/—frl£ if 

[0 17 4] Bfrft#J<fc UBTA^ffflt^ 

aiKtt^^y^ajiict ±S36^ ii^^o. ooi-i 

11%, ±9#*L<M:0. 0 1-111% £btw# 
4L<f*0. 1-111% OBfcMF) OWiD-C+»««b 

fcliifl/V^T; ^E9g^K (EDTA) ftifSr&SK 

*7 y «:tt«Lfcft^««W»teov^-Cf4, 
^^J;5»i¥l 0-2 0 9 8 5 7f, 4tH^9-2 
9 9 9 3 m-ioXXJV&mW-l 0-3 1 7 2 3 3 fyZU L 

[0 17 5] r(0»R«Hk^««WS m**Ty7<0 
CMP) tt, MfSC0^^b^1t«^ (f2^fy/ 
CDCMP) ^UTtfcS, 5I#IRV > T03 4— 0 3 6 Id 
^b7tCMP3£«(7>^2^»4 0 3 B<D±-efiffrtv£ 0 
»*»«r«ftiUfcW»*Ht, rnIf£co^^yW^l : 4 1 8 
btactffi^yhM l 3 0*fl6K:tt*&Sn*. W® 

-Mi:ltfl=12 0g/cni z , *J^=** 
y 70*5*= 3 Orpin, ^ffi[H^m=2 5rpm. * 7 y 
Sf[fi= 1 9 0cc/min<t1-^) o 
[0 17 6] 04 1 *3±tKB4 2(a), (b) 

&mm4 0-4 4<Dft-U<DT i NISI 4 5 J^i-^TJ*** " 
*V K*ftf*4 0-4 4^rt£|5i;i*I#)^C ulfi^4 6 a 
-4 6 e «^$H5o 
[0 17 7] *I#)5£^C ulfi|*4 6 a - 4 6 e <DMf&& 

*1\ striaH3 4^*i-^ y— v • ^f 1 — v4 

0 4^*5l>TBTAS:4tp«*-e*«l*iJlcj*i-5o - 
ifcj^?K«-8 0 0 kH zEJL±(OS5JajfeSSbS:*Px. 

KStEl ^l?l«(Ift^lt^ffit«W4 0 1 



K0. lH%(ONH4 OH^^M^ffl^f: 
^^7^#tfTl\ tt^TJS2ft»«4 0 9B^*3l> 

ft*»4 0 2li, *»*o«Ki<©*a5ic*^B8Jti-4 
r. ^irjgHLTC uEI64 6 a - 4 6 e 

[0 17 8] JifE^^^y^rf- ^TLfcS 
^tf> K7><t4 1 OT'KiSllfcS, tfcXg 

5 0 04 3(1, ±aLfcCuE»4 6a-4 6e©S* 
y n ir ^ <D £ ft: 7 a — 0 £> 5 « 

[0179] ^mmcDftm^xntt. mm<Dmm i <om 

^i^^lCTDDBiAt^t^ 044il*H 
&<DJim<D&&<D T D D B S:^ Lfc ^7 7t'i)5 0 

#%<Dfc£u ^SSL (7>fyRe f) irW^&^t:^ 
H«^FSom^ (3Hfc<£>»*l) Ox-* (7»f>A) 

BMfc y = vBHd te«-e S 5 fc tb t m 

itbn%o ^w&<Dms. y 1:1*2- 3 n m<D%m 

ZCDtzbb, TDDB»ttJ0S&»£ftfcfc<O4:#;tfeft 

-So 

[0180] *ib\ &<Bjw^#i»Tttwr*iW&« 

(HFM) SrjH*-&fe-fr6fc, Jbl:TDDBW 
Sc#i~^) (^^>G) o IKMStt. CMPMM, S 
b^KttTkSffi (fc<h^tfHFzMg$0 T-S«lSr*&a 
b> ^(7)17^^7/7X^1^5 t>co-CS>5o 

tt^|p|±bTDDB*A^S»Lfct<Oi:%x.bnSo 
[0181] (Hft^l3) B45tt, *nifo<Dj&B 
3 <DC uIE^4 6 a — 4 6 e <Dj&!$yv ± X <D-£fc7 n 

-0-C*>4« PJUl^-T* HF$fcli^>8l: 
[0 18 2] HF«fcj*ti. /c i: V y^^W 

[0 18 3] fe^l^HFffi^Cfttt^xyift^ 

[0 18 4] ZVXilZHF&ltlttr^^&IJcft&mi^ 
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i±7-Tyit/Tltt^o ^(Dtctb. Mil (^-f 
yRef) i«(?)Wi(?)f-^ (y-Y ^A) £1^0$ 

[0 18 5] mi&<DJ&m4) @4 7-i4 912, 
Sr^'L^c5pffiia*3it/»fffiigT*fc5o 04 7-04 9 id 
[0186] 147 i-^-T J: 5 *&*t«S 5 0 1 ±^gE 

mmf&m (Ditmm 502^1, r otttun 5 0 2 k 

aAi&A/^MKJR 5 0 3 Sr»riti-«. «E» 5 0 3Oi 
/**ffiM:3Slft<o»t» 1 - 3 t H«T?*>4o 
[0 18 7] lft^y^yi5 0 4, f£^m^ 

(TEOSIMfcBD 5 0 6tf*t5, 
[0 18 8] fS»|«S|B<D|Wt^y 3^JK5 0 5fi, M± 
(^7k^ v'/M? ^ =*r ^^U* Is (Hydrogen Si lsesquioxane) 

(tetra alkoxy silane) +7/U^7^^ :a ryy7y(a 
lkyl alkoxy silane) ^<!:t^f ffi^SOGgtV^ 
ofcMWSIftttiK\ y7XVCVDg«t^7D 
n#— tfa^/Ky^HBtfcJf, J£««* (e) ^3. OJ^ 

M*£**«rtefcHU Elfcilii^lBIBSrliai'C**. 

[0 18 9] #Ct:i, 0 4 8 (a) tC^t" <fc 9 ft'** — > 
T% 04 8 (b) IdTj^rj; St?L5 0 7^liPt 

s G ssils o 7 (Dmo^te?* h y 7 ^ tx y 

5 0 5(1 ^ffiriSfi*««5£Sr#U Si-OHg^ 

f:7y^^77 fl 7XvMl^»?L5 0 rrtSB^SMfcv' 
[0190] 049 iZ^-t «£ 5 »«7L 5 0 7 



1 £|ffl«l£S i -0-NJ&£riS«KU &fc?'*>tl& 

[0191] **3, ro < t9^iarto7'7X^i 
[0 19 2] 7y^^77 p 7Xvjin ! ii:{UT7K 

fy7Xvai, 7/u^y, — y 

[0 19 3] ft*3, 1g«tJL5 0 7 <OMWlk\Z7 * h Uv 5 
?L5 0 7 jg£(5CDjIfi|S 5 0 3 0«ffidS|ft<t$ 4X4 
1-16 9 1 2*^«fcR*<OR«J&SifeJ5 0 

[0 19 4] te»«*<0BMfcv'y ayjtsos 

tt. ^y^->3yit LT»«*4x6fiHMW^* 
4x5«ftSS/y 3V« (/c^(fTEOSM) OH 

So 

[0195] mmmms) ±iBbfc«*a*c us 

S4 6a-4 6e«*Sll 7= ^T^^v^jfcS: 

So siiiowsei2 4-3o^t 

fcm, 0 5 0l^:*i-J:5lw, l /f g cowis^ 2 

4 — 3 OOJigiJ^^yX-^C VDmxmm l 2 0 0 nm 
Ig«fty!)^>l3K iJ?5 0nmgg(7)SV^ 
^v-y ^>Jg|3 8*S<fctflRJ¥3 5 0 nmS$(^)8ft'>!) 

[0 19 6] 05 1 tc^-^J: 7* h 

^2 4, 26. 2 7, 29. 3 0 <D±M<D&titi' D = ^ 
JSt3 9, Sft^y =*>Jgl3 8^3±VBMfc2>y ^>I3 1 
bfc*. 05 2 (a) , (b) \Z7jki~£? 

\z % »7tM/^hl^-7^^Cffli\ »t^y = 
>^3 8 Sriy^^* h y^Lfc. K7^xyfy^ 

*-^Sr*4afcE»»5 0-5 4fc»*t6. 

[0197] mz, 05 3ir^i-<t emits o~ 

5 4 0rttt«r£trBWb*>y ^>J8l3 9 oJiffilzlBWs 0 
nmSS«)»^T i NR4 5**91^, TiN§4 
5 0±g|5(Cffi^«5 0-5 4C0r^^<t 9 fc+^^ffl^BI 
l¥(DC ug4 6 ^it^-TSo ^&*4afce£g 
f»5 0-5 4Ji, ffiKEM9t4 0-4 4^it-<TT^-< 
^ Mfc3&S*#V^fc», T i N^4 5ttCVDffi-C*«-r 
So Cuf46lj:^/<y^yy^Sr2 0W±I 

ig-rr t(^j:oTi6m-rso cvDfc m&M ^ 

StCug4 6Wt5l^l:l E»i5 0-5 4 
[0 19 8] 0CtC, 0 5 4\Z7jk-f£ 9(- x ttJiiEL/'c5g& 
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it^mmmm\zxoxsmm5 o-5 4^»ocu§ 

46tTi NUSI4 5 £S:8fc±U EJR95 0-54^ 
§B(wa*ii*CuiEil64 6 a -4 6 e S:^i-4o -t<E> 

CuEi4 6 a — 4 6 e (DMj&jjfe t ID C"Cfo5 0 
[0 19 9] (H»<7>^fi6) tWEUfci CuSr 

45i fcds— «6air*qbtt-Cl^«o --T% 05. 
513, CuIBiWL TA-S^AEiBlL * V^x^Ifilft 

So 

[0 2 0 0] T/i^~*AEj»<0*Hi (x— *A) 

2MV/cm iCjoltS 
TDDB##li, **fltb«)ll»ia-e*53X10 
8 sec (10¥) ^gl:Si^) 0 — CuEi»<£>*l 

[0 2 0 1] r<75K»^*5l^T, T/l'Sff-frAEflfctt, 

&m<Dmmt7* h y y^?7-<s:fflv^^^y^ 

«Jfii:OttitW:<£V\ Wi:t^*?>fTDDB#tt 
r^^^n^o **3. ::WTDDB«H4lil4 
[0 2 0 2] ro±5 4TDDB**0^tlBBatt, Sfi 

U BH^WlBfbteitixT, Eftffiasa'f'K: 

[0 2 0 3] ^-X\ *»W*btt, *©jtita*i:o 
-XASrtn*"CJftttlL*:p EMf^SBKMiR 1 

ns-r ^->>(kffl^iai86Pfl6oefi:T-Ky 7 h l ami- as 

B^XEttffcSo ffi<afflft&ftttMEMl* s 7£J$ 



fUKl: !/ - ^ / CT T D D B 

[0 2 0 4] i5 6ll ftllS^Sco^S^S (T>^t^ 

IS*tt, HtJlBCuiai* (TiNl (/<yrg) Sr^tri 

©»«is, WEft^ia, ffiiB«-a<0*DB*osxa. 
[0205] #a<o*ffi«»c*3Jt5Cus/yi?->f k 

(4, iWELfcJ:5fc£fcLT*+y:7Til (»K^J=> 

^St^lt^LT, C uESKaJEffiiafll (d = 10-60 
nmgflD 43j:Vrt8B (d = 90-3O0nmlK ^ 

tr^L/cJ: 9 Id, TDDB»tt»ofc 0 
[0 2 0 6] — ^(O^^^JCjott^T^^^T^ 

/irtomte X^tem\ztk1&l,X* CuIEI£<£> 

*«btel>4vvh, E»*^^Snfc»»BI^*ffi^ 
*fc* EMfK^»jsK$n^l6Wi^*9 

3 3M*LfcJ: 51-, TDDBM^fftfcof: e ^ 

Wct5l:TiNIR (iltt/<y7l) as*>5*&lc*5i* 
[0 2 0 7] no«t9**fU^a*^?>*«W#bW:. 

em* rt ^mats *3 £ r/jees ^ *■ s *t-o*ft^+ 

ttCuMit^:^ (i^WE«r±if5ii) , MIS 
T>^^r^7X^feg4fctt7K*^7X-^«!!3asri6i- 

10nra*»I»<Uk fc*VM4, ^< y TffilS 
S<UUot(), CuEHSr^-f-^^StffliaigB 
gl(^TDDB^^l$^lH^#^: <h^|J] 

[0208] El 5 7icIE^gfe ! [ (T i N • x 

(Kff) nm/T i N • 5 0 nmtt) i Nil (s< V 

71) «<oft#ttSr/^i- 0 IWHtt. EMW^. 
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0. 4/imSS*3«t^l. Ovmmm. 

[0 2 0 9 J :WB57H, TiNl (/<il7i) <7> 
JHttiaMSIf— grT5 w Lfc^oX. Ti 

9 %, EMWtf i . o n mi«^-e 1 5 %S£, Id 
»^^Ii:i®tJ5o *fc, T i NB*>KJV:**i 

~C 16%, EMM** 1 - 0 /i mUOi^'C 1 2 %g 

[02 10] 05 81:, Culfiigl^cz^^n — 

B#te<DT i Nlftfflt^^t HBW»feT i NjglOjgl 
10 — 50 nmSflf(^TDDB#tt«SfriSbTV^ 
(^^^Tfc5:i:W^c — *\ T i Nl^Sl^i 
^M^TDDBtffit TiNWlO-50nm 

SSf (0!lx.«O. 2MV/cra, 1 1 0°C. 10f=3 

x i of) Sr^icttisr h&ftfrz* 

[0211] Sfc, H5 9iC, T i NBt#«V^*&J3± 
t>*T i Nm<om£& 1 0 nmlgt'l^L/ci^^JbNt 
5#>* (OCu K^tr joft ^^toSO^T#E{C J: 5 T D D B 

(i4 0 0t, 3 ^^^Mlt'T D D B Utt^^ft I ^ 

[0 2 12] ^colH5 8*3WH5 9 a>ffMBJfe*J*> . 
TiN«*»^ Cu<Z5*-eEi»«:*/* 

tfc^-et^i««$:«^t5 ^ ^ ^t^, mm 

[0 2 13] ^|Ofe^tt6 0^«f»K|RBIfttt 

«<DEIM»ao**»«— ««:H6 0^*-^. ^6 0 
tt, **ff*«lHlK3g«(D— SS (ftlJMB1AJ:Ji;2JIE 

^y^y^is^mzx^xmf&zfrtimffi, (b) 

ut^ 0 **3, »tv^y 3^*4 7±«c«, SMt^y 
^yi4 8i5>TOiitt^o sfc, raa (b) tc*s^ 

Til, BfMt->y =">8t3 1 a*3J:tfWE«2 7±fc*ft: 

*LT^5 0 -f bt, t<Dmiki/]) =«^BI3 1 b*5cfcl>*^ 
^v-y ^>-^4 9Clt Wld^2 7<7?±ffi(0— SB^KfctS 
<fc 5*^/w -*-A-3 4 j^ricSnT^S*^ 



[0 2 14] El&ofg (EittifM 2*>«) *5J:VB*»E 

[0215]St TiN«4 5mTSh5*tffi>< 
yrW(0/5$li, M^lOnmm #£L<te6~ 

i N^4 5C0^J¥^r. «»J^«5 nmEJLT. Sfcti-ttLi 

ut)TDDB#Mf^]±$it5r k&x-%tc 0 ::■(? 

f 5TiNJ«4 50f Sll *t>»<*»*n*iB»» 
*»LT^4. r^-Cii, M*Lfc<t5tE 

iBkUt ffi«»4 2?) *fcfi»fit?L C*A— *-A-3 4 
30 rtCQT i NJg|4 5<DMi¥^*3V^Tf«S|5^t>^< 

orirSrWUT^So tit, Sfete. ffl 
itfR<0 2ii9(OfllJS35Sfc5 0 ioli EIl'^ffiRA, 
rtoffiiJSSB <i*^?L<0JE«MI **ir) KJa^T. TiN 
14 5^*t»^ffl^*** s , -hiEJ?£ (^J^tf 1 0 
nm*SI, »*Kli6-7nmgS, 5nm^ 3 

^a^ffi^LrtOffliJfiffl^fc^T, T i N/BS4 5 0«t 
»V*»#<Wj:$*S, ±B»4 (HttflOnmm & 
* L< 116 — 7 nmfMft. 5nml^T\ 3nmJ^T, S 
t|j:2nraiS) "CfcSo 
[0216] ±ISC0J: 1 0 nm^rS^T i 

4 5*r»«Ufcr. ii: TiN«4 5(OM 1Mb 
i/y ziyg3 9 4:(0«»tt^C ulRJ: 9 tSi^-e, C 

fc, TiNii4 5Srsit^^ m<Dnm<DKm8x 

^CuE*l«5fiSrlia-e*So TiNg4 5^ 

Ami:Cu^ejRl4 2 0«ffiW^«^US i o 2 <t 
RJ^-r^rfS^, Cu>fty»|:j54t5fcfct%t 
bix^o iftllt'fc o T t T D D B ftttli^ft I * ^ 
^1^4Cu/S iOo^SWCu-Tt^ 

JKffitCctntf, 1^10nra*lOTiN«4 5-CW 
tyftLfcC u(C»L-C^<y T t49 % TDDBttt^: 

[0217] C u!S^4 6 c -e«»JfhiCuE 

i(DC ua^^cOSStl, 0. 8J§T-% (a torn 
i c°/o*t^At. %) OTSfcliO. 2atomic 
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CuEH^J*^»SS:, fllxJiO. 08atomic 
%JWT> Sfctt, ttlinft^O. OSatomic 

%«t\ fcs^^ft^ t>£«bic:^o. 02a to 

mi c%BlTCt6^<!:^prlT*feofco r^Cu«^ 

f jy ^591 9 ffl ^fc^t©fit**o t , ^rcoCuJW 
HWoi (Mitf?>^fy»-cii«IRfifl:4 5 0 

t©CuEW^tt, CuEitft<D_UHfB 
^Dt^«fi-S»^) ©MEjMK, CuB»<D**kfci|S] 

[0 2 18) Ifr>!)^l3 1a, 3 1b, 3 

i, 3 9, 4sm\z{x^x. mr*mmm<Dwn*. mz. 

tfSiOF, f«SOG (Spin On Glass) *fcf4PS 
G (Phospho Silicate Glass) fjfet VXhA^\ S i O 

F^*S0G««^J;54R«*ofiv«*ttff-Ci 
fz, PSGMi^, Cu<7?i£*S:Wihi-S«jlB 

[0219] W:, roj: 5 4>'^^^v'ySt:«fc 

oTMt^ 0 &*5, 06 1-16 5^0 (a) 

U (b) i4&0 (a) OA-Aj»OBfffiEIS:^LT^ 
5o 0 6 1—0 6 4<D (a) JispBBa-Cfci^, 

[0 2 2 0] £i\ «jfffiHJSO»« 1 Lfc0 1 

06 11:^91:, E«S«4 2 *m&-rz>a E*!H*4 

m<ommi kwm<DX'<y*a xf&mzx^xmm-t 

T\ 6-7nmgS(DTal4 5a«f^, 4 



[0 2 2 1 ] -tog, Ta|45a ±iC N Cug46 
Sr. «itff«t3 0 Onmgl SUfEUffiO^fig 

i tw«w/<y* y ^ymzx^xmm-rzo ^<om 

0 2 P a , SSE (DC) '<!7 — 14, Mitfl 0 kW 4 * 
hk&Kl k<Dtmi±* fflzirt3 0 0-4 0 0m 

[0 2 2 2] rO±5l-*HlfE^«i^*3^Ttt. Cu 

«4 6 4:*^* y £ic4 

fcbt, m^9 9. 9 9 9% (5N) £A±. Kl< 
14, 9 9. 9 9 9 9% ( 6 N) Ki^jWS^KV^Bft* 
Cuil^fc, mt^J:«9> WitffiE]SRrOCu«4 6 
^>Cu^iS^9 9. 9 9 9%W±, b< J4, 9 
9. 9 9 9 9%K±Mt5 0 LAc^oT, $ <btdfc6S 

[0 2 2 3] Ta§4 5a^J:(;Cul4 6<7)W^ 

d-^x<^/^ y v^jfe^n y ^ - h y 

<E>4 5 4»(RlttOiBlr^/<S/* y >^jfcS:/SV*T<>& 

[0 2 2 4 ] &^T\ Tk^T^— /^HSrJSfo wftlw 
J: 9. CuR4 6*iBilW»4 2rt^A»^a»atP 0 * 
^BR^aMttt, MxH'4 7 5°C, 3^\ 2 6. 6 6 4 4 
X 1 0 2 P a . 5 0 0 s c c ralStfcSo 

[0 2 2 51 «6^T. Cug46ioJ:{;Tag45a 

i,tz<D kmm<D cmp femzx-ixmrn^ftteUft*: 

RitSltias, CuEi4 6cSrM« 0 fltv* 
ffiGfttt0H»ttl, 2'CKWbfcoi:ISI«oW*7 F 
o -fe ^ *5 4 W«r8BlB»0»t« 1 - 3 TttM bfc <D i: Bl« 

^tJ:^:, f6»3 9ioJ:t> , CuEl4 6c^ 

[0 2 2 6] 7^^7/7X^1^11/:^ 
14, BMfcv'y 3^Bt3 9<0*B6ffl#l^ S iHg^*3± 
tfS i Nft-&*s«fiKSix53e*, BMfc*>y ^>jg|3 9^ 

5 Q *fc, l»IE*«<Z)»IBl-eiftWbfcJ:5*c. 

Cuia,|*4 6 c ^^®g^^*3V>T(i, CuN«J 
ft. -tcOCuN^, f^Igfy^^ii^?: 

5 0 Lfctfot, C uO*t«S:KihT?#, TDDB»« 
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[0227] -* % 7Kmyv^^m^mvtzm^\z 
(o**xsi-*3 v ^tcu 2/ y =i ^ i kjs-t 

[0228] ei 6 5 {zfjk-rx o mc'y V = 
(^^ry^Bt) 4 7^mmmm<ommimtmm\z 
mmi-z>o meo U) K»ufcj:5fc. aft 

->5 3y||4 7ll:, PRtfTEOS (Tetraethoxysil 
ane) ^^l^/7X-7C VDS^ioTtftv' 
J=y||4 8*riWlt6. 

[0 2 2 9] fiTyi'^^^il.tSC u E*& 

<5o 4*3, 06 6 -H7 7<7>£-*<D (a) 
ttEIKSfiKoRiiXS^^SIffl^EBis-^b^ (b) tt 
#0 (a) <7)A-Ai§S<DW®0£;^LTV^ o 0 
7 3-07 6O (a) *4¥®0-efc3/^ 0ffiSr^9 

[0230] *1\ «rE3B»o»«8 1 *-csft?J b^0 1 

-0 5 ^XSSr^T. ffiEHtS<0^«g 5 O0 5 0 coxm 
H6 6i:*tJ:5t, Rft'>^^lg3 9i 

-nfc^ m^co^^- h y y ^7 7^ft*c ioti 

^^titt^o j^x, i6 7i;^tJ:9i:, 7t 

J5ttE&it«6 5 §r K7^^^fy^SCJ:otx^fy 
^BftSLfcSL mt->9 =»V«3 9, fcftVu 

=^IR3 8 J3j:tfSWk^y ^v!3 l b £ ^yf 1 
y»iotxyfy^n:tia!), ^7U- 
*-/U3 4S:»«t5 0 roBMb->y 9. mt 

= t gffc > y =i ^» t <D^ y ? > ^jgtRifc £ * # < 



*-^3 4^r^7Lt-^o Lfctfot, ^ <7>f£|$gT?l4, * 

[0 2 3 1 1 »^ 7thU^ h/<*->6 6*5 J; 
0<R4tS&itflS6 5Sr75/i/>^li<J:oti6 8\zfjk 
1-£5fclfc*Lfc«L 06 91^1- J;?^ Sit 

BfiihJK6 7£r*/u— 7U3 4 rt*ra*ii*lx5 <fc 9 lc 
IWfc^y =>^BI3 9±^ffi«r!6*-f-4 0 0 7 

0l^^i-i Rlt6SihJ»6 7±(C % 7i-hl/y^h 

vt?*>9, lf^7^hyy^77>fSiiaoT 

u^h/^^-y6 8^^^<!:LT, *^t**hU)itfr 
5RltR&iLJ8S6 7 £ K^x^y^iaoXx^f 
^Rfc^LfcfjL £<bt;i, »ft'>!l3yR3 9S:K7>f 
xyfy^iaotx> 7 fy^«: £ 19 x 

^^y fc^y*-v^**sn*^jfeft-e3iy 

[0 2 3 21 b l/y7 b'<# — >-6 8*3 J: 

t/R*tK±Ht6 7J:77'»^f(:J;oTi7 2 

^$n«v^#"C^5/^^^i-^o cntc:J:«9, 0 7 
3(^^:1-^ 9 IE^ft4 2*5J:^^7U— 7U3 4 00 

lEaa^bKMb^y =^«3 9*3J:t>-Wffi»2 7(D-gB4r 
^tti^^r^o WIE»2 7 t±Jia«>i&*Ej||li: 

I<t •? tii^OiSl !i 3 >i 3 8 , 4 9£^fg 

4 Srf^t^o 

[0 2 3 3 ] &^T\ 07 4C-^-r e £ MilfT a 

I45a (»«tt/<yr«) Sr. *jH*0»l» 6 "CttBH 

y >?mz£^xmmirz>c ^<om. E*»4 2*3j:v 

14, *t*V^Bf-e, «^10nm»T, 6-7 
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[0 2 3 4] Il^T, Tal45ai:l:, Cul46 

xmw ^Vu y-e > y$(Df^ 

^tt, Witf9 9. 9 9 9% (5N) #£b< 
tt, 9 9. 9 9 9 9% (6N) «±<Z>Jft*<D*V 

OCu«^9 9. 9 9 9%£JLL, b< te, 9 

9. 9 9 9 9%«ll:tl5 0 bfc^oT, CuIE^O 

[0 2 3 5] -t<*>SL fl$M ^Sf(IJ:otCul4 

0. 5—1. OA/ dm 2 , 4 0»S*tfc5 o Sfc. 
Cug4 6£Ki6*Sl4 2rtfc**iitP«FO*ftr± % 01] 
JifliSfc*^ 5 1 . 0 — 2. OA/ dm 2 . 14 0#gS 

[0 2 3 6] *HS^fl6TML/c->y/ 

[0 2 3 7] iV^, Cul46fcJ:(;Tai45a 
fc, H 7 5 USt i 5 IC, MIBHttO^II 1 , 2-crw 
bfcCO <h H«o CMP X oT9f« Hfc#4»#fc 

»4t 5 r i: I: «t 9 C u E« 4 6 c L fe« , 8MB 

j: ^sfriB^sfecD^ffi i - 3 -CRM l/c<7) t mm<om^ 

<fc5t-, J6«J»3 9*5it/CuiajR4 6 c^*ffitr5ctb 

miEllit^Mi^RWbfcr^^T^x^ja 

[0 2 3 8] -t<7)^ El 7 7 J: 51-. WC'sV^ 

*S«brtL«, 06 0 (b) m»bfcJ:5l3:, Wl&y* 
^4 711:, MfiTEOS#^S:ffll^7XYC 

[0 2 3 9] r^±5 4*SllltO»l!i6-ett, ±ffi#3g 

5 TRW b/cco t m D»**r#5 ^ ^ pj^g t ft 5 Q 
[0 2 4 0] (HJSO^fig 7 ) *mi&<Dftm 7 fc*5l N T 
te> EjRit^ttttaSr^yLbfc^fcieET^^e^rX^ 

x\ T~T/is?^i/>'fe&—mtvx&mi&<DMm7* 

7 9^^ (a) tt % ¥3ttt&«@B&BaKiixa 
f^SS&spffiEISr^U (b) tt#H (a) (DA- Am 
WiESr/TtTt^o [37 8, 7 9<7} (a) ti 



[0 24 1] *«©#»7fc:*5lr*-Ctt, StrlEHlfto^ 
flit 6 OH 6 6-0 7 3S:fflV^TRWbfc»JSlSSrS/t 

[0242] r^^-^rx^x^«iasri6byt^^^ 

tt, BMtS/y a>*3 9<9_hffi, EMUJM 2^ffi|S^C0 

BMkv'y = ^1*3 9(7)^®, mmm 4 2 0jgffi<aK>rt>' 

!J^V^3 1 bOiffiiSct^/U— /U3 4<75<H!ISS?S 
(Omki/!) 3^*3 1 b<D*ffi^ S iHg^jot^S 
i Nft**»«Sft5 1 0nra*«(Di^ 

9 <D±.m, E««4 2 <Dftffi»0>SMbv' y = »gl 3 9(7) 

»ae, EjRflM 2<D&u(omfti^ i J ^>i3 1 bois 

joJ:^^-^— ;U3 4<D«««oBMt^y =*>^3 1 . 
b w*Bi«#(0MBt. «ftW*5fc*tt«rlft±-e 

So *fc* WI2|61lt^»l»l-eRMbfc<D4:lRl*i»w. & 
ft'>ll3^«3 9t^t5/yH^ifttS:[S]±$tS 
wtfc^lHet*So **3, T^*=TX9 X-^«iaSrl6 
bfc«. ^< K7^x. 7 fy^l^ltr^ia^ 
WEi2 7(D±gEI:MSnfcI« C^OTN 

[0 2 4 3] — **^9X^«a«rlfcbfc»&l= 
tt, BMfcv'y ^>Jgl3 9CQ_k®, E2ftift4 2 c£>flij|i£&<7) • 
■Mfc^il ^JJO 9(7)fi, EMU* 4 2<D&U(Omit^ 
y zi>^3 l bco±oiiBJ:i>^;L— yu3 4coffiiM£|5 
<omtis!) a>i3 1 bO*aBt?, S i H|fr&a««jft£ 

[0 2 4 4] J^T, 0 7 9i^^i-J: 5tr, fltrEHite^ 
ii6^KUTa84 5 a *5±VC u«t4 6 £T 

6 XWLW bfcicD 1 1^1 Cte<DXmm Sr«B&i-§ 0 
[0 2 4 5] :oi:}ft*»o»lll7m ffJlB^ 

— ^—^3 4<75(BaSlFBiw3*bT tTV^^T^^X^to 
a*fctt**X7X^ftaSrilt-t-cfctcJ:9, TDDB 

[0 2 4 6] mMmm 8 ) *mM<oMm s <D¥m& 

«8(BIKttlt<oEJR*SBOAffn«-flS:B8 Oic^ 
■To B8 0li % ^8W*:«aj|iiKSS«^-fflJS:attliL"C 
^bfc»rffi0T-fe«9. (a) fi^v^u^c/^&tcj: 
oT^^ti/cSm. (b) (i^^T^^^vfet-J: 

otMJ n fc mm z^ti^eti^ b r i ^5 » 

[0 2 4 7 ] *HJfiO»«8ir*5l,^-Ctt. iltt/<!)T 
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7*;— ;U3 4rtt^^. C u 0>^riS*lAi&*;h/O*5o 
Lfc#oT, C uE»4 6 c 0«taJ3ttfj£aii, IS 

/a Lfc^icd, c uia«4 6 c offioegBjs i vjsa 

[0 2 4 8] *fc, Cul«4 6c-CfliPSft5Cui 
a, 31b, 3 1, 39, 4 8^tcft^-C^ffli-^SPfl 

(b»»4 2o«) «j:vm«eikiiaH (MftEikos 

VM^lRj-t-SfiBffi^biWffiS-e^ElBI) 4H*tt. 
BtrlSHJSojKffi 6 COS 6 0 "CKW Lfc<30 £ R DT'fe^. 

[0 2 4 9] Z.<D£oft*mM<DMffi8l,Z&\,^Xi>, ffi 
E3IJfc^»l86-eKWUfcJ:51-, TDD B^Nfr£*io]_k. 

*SR*tbJxT*5e>'r, E*»4 2^*^— ^3 4rt 

flEMM**«tt{£'< l JTm (Tal45a^TiNg4 
4 6c tWEIS2 7 i^H»»ttSix««itS:«*Lfc 

2 3 4 ^aW^ilf: t LXt^fftl 

[0 2 5 0] r o i 5 4C uB»iS(Of M 

Its *ift(7)f 1 8 (?) C u Eifl^r a 7;^V y 
^ttfc±9»jfr*-**tt«:B8 1-H8 4tcJ:oTiA^ 
t^o #*3. El 8 1— i8 4<7)#*<7} (a) 1*, 
*Wls]»aSitOjR5exa i t J OK«3pffiHS:*L. (b) 

(a) COA-Aj»O»fffi0Sr^bTl^o 
i8 1 —{218 3C0 (a) JispffilS-CfcS^V HlffiSr^ 

[0251] *jt*<o»ni8ic*3v^tt, mm&<Dj& 

m 6 <^H 6 6 7 3 Srffll ^TKK bfc»5gXSS:«fc 
HI8 i <0iB»«-<zvNy^ ^^-e^i-J: 5«-* ±E7 

[0 2 5 2] T>^~TX9X^3*fci*7k*X7X 

Xolz. BMbv/JI =VH3 9^±B5, EiKflt4 2<aMfi 
SBtf>*fk*>y ^>jg|3 9<^ffi. SSIS?t4 2<7)/gg&CD@£ 



[0 2 5 3] j^T, [218 21^^:1-^ 9 i-, ttJfSHJSO 

6 co c u m<Df&m%±m t m#iz bt«a^iip c u 

H\ iltt/<y7l (Tal4 5a^Ti Nl4 5 90 

>y 3 >B3 9_h (E^f«4 2 iSXtfX/l— *-/U3 4 

-yu3 4rtlcffi*5i*nfcCu«4 6tt. -t^fiOSSBfc 
i tWS»fc*3i ^xm > V =x vKlractt* ltv ^ 5 

± l«E»fc*5l X T C u *W * £ till ^ftot 
[0 2 5 4] -tco^, Cul4 6£r, ME%lfe^lS6 

£?\Z X Cui»4 6c^« 0 Cuffii4 6c 

[0 2 5 5] ftl^ H8 3©«»»t^yf ^^"CS 
■WkS/y 9C0±ffiio±^CuEj»4 

*fctt**X7X-r*aaSrlt-*-o -ix«-J:9, MrlBIBK 

fc LT^$nfcJKfl8Jw*5V^TC uE*»^iSttS:T*f 5 
[0 2 5 6] ^c^T, HI 8 4^7^-f-«t StjfeHlgco 

nmexmmLti(otmm\z, mt^v^^m 

0 8 0 (b) ^^L/LJ: 9tr, #J;itfTEO 

s^S:ffiv^7X-7CVDft*:iot8fl:>'!) 3 
>^4 8^tiS-rSo 

[0 2 5 7] rO± 5<C*36St<0»tt8T?li, ±f£*:* 

m<Dwm\ -7«>«ifijtt?»6ix5a*wtt, kt^s** 

K«t4v>ri^J: 9, C ulfi^4 6 c coSta^r^*itc{Jg: 
[0 2 5 8 ] *36W#i=«toX4**Xfc«KS:3t 
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[0 2 5 9] CT^IitfrlBUJSW^ 1 ~ 8 », 
tf^ri (im 5 * "C t fcv \ It k z.ltmi&<DM1& 2 co 

ff^i SrigfflLTTv^^rfc^v^iTK*, ^rottoy 
[0 2 6 0] KrffilllSojgffi 1 ~ 8 T-te, tv* 

[0 2 6 1 ] Sfc, tflfE^tico^fii 1 ~ 8 T-|4< Culg 

[0 2 6 2] U±<n$LWX\i£.k L-T*^W#{rj;oT 
* $ £ ^ t<to fcfij JS#lp-C*> 3 C MO 
S-LS I K'fffCliSffl Ufc^KoVTSftlE L-tztf. -& 
ixKPS^Sft-S , #J;tt£DRAM (Dynami 

c Random Access Memory) , SRAM (Static Random 
Access Memory) , 77S/->3-^^ejJ (E E P ROM ; E 
lectric Erasable Programmable Read Only Memory) l£ 
fclJFRAM (Ferroelectric Random Access Memory) 

*/H *389Hi. i: 'bm5i?I^^1Sit^^r 

[0 2 6 3] 

(D.**W^J:ix«, ±ES*&*IEi*Ji'1 : "<z>«HWfl-a> 

0. 8At. yoKTirtSriiaO, i5r±^tt 

(2). ^ISIUitli, ±IBiagBrtco(»JliSl3!c*3V^T, 
±.mmW.&'< y ng<E>*<bJ?V ^B^<7)^ip:id: l 0 n mJfc 



ma z&m $ -a- s 1. 1 ^riB t * 3 . 
(3>.**iBi=j:ntf, ±Em»rtK:, lEiitt^yr 

(4) . jmbsuk ±ES*i&*s!*wi *?<r>m&M-<D 

0. 8At. %«Tit5^ i:li<t , 3, m&^&ftk-r 
± 9 Bfc* txaftii^i JbE&ttat 

(6) . ifttf, -bE* ^yu«Sr<l2^»»W»2fet 
ro±Eitei^)6S*5«tt/ffi«)^^ 9 >Vt£tfkm±\c**rv7 

(7) . ±E (l) ~ (6) K J; •? . m&±l&ft k -T5*JI*ii^E 

(8) . ±e (4) ~ (6) \z <t x> , t i- 5 s*&*e 

(9) . ±e (4) ~ (6) \z x <o , t i-^a^iA^-ia 

r. kArsjmkteZ. 

mi) *3tm<D-nm<nwm mnnmmi) x*&z> 

[ei 2] mm<Dwmi (Dmmxmz^ir^mttm&vw 
[0 3 ] mmcom-m i <73«jt*ftSr*i-^*flc*««55 

[0 4] HltOJKl»l«5»3i^ffiSr*-t-*i»**««>» 

[05 ] nmnwm i <7>»it*ffi**-r**«:*«o» 

«SWrEB-e*>*. 
[0 6] (a) \zmfc<»WM 1 wSiit^r^Sr^-t-^ffi 

0, (b) \*$m.(nm&\ <^m^^^-rmummm 

[0 7] ( a ) \±mM<nWm i co$!ijt^S:^i-¥ffi 
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0. (b) nmmmmKomm^m^^-rmummm 
im 8 j mmmm i roiajt***:*^^**^* 

[EI 9 J *Itf>ii^C ulE^CDff^icfflv^-SCMP^gco 

[si o] a*ii^cuga^(D^tcfflu^cMP^H 

<£>— SB £r*-r«EB§0 T-fc 5 , 

[01 1] ^^^(DXfyT'yiftjj&Z^-tMtiLmX'ib 
[Ell 2] ti*iA^-Cuia»Wff^(CfflV>^CMPg« 
[Ell 3] S*i^^Cuga^cDff^(rffl^^CMP^tt 

[Ei i 4 ] mm<DMm 1 «©Mit^!t^^-r^fr««w 

^SBWffiEIT"*)?., 
[Ell 5] (a) 14, r>-^-T^^X^«iSt5j;t>*^ 

^L.tcm^mX'h'O , (b) tils)C< qzffiElT'fcSo 

[ei i 6 ] njgo^fi i ^m^m^-r^mi^mm^ 
mummmxtbz,, 

m 1 7 ] mm<Dwm 1 oiKit*)*^*i-^^s«<o 
[ei i 8 ] mm<Dwm 1 ^^frmwinisg^gooMit^ 
[ei i 9 ] mmconm 1 w^^msiHigg^swms^ 

*-TlffBE|-C£>-5 
[EI2 0] TDDB^^t^77tfo5, 
[E12 1] TDDB^^f^77Tfc5. 
[E12 2] (a) ~ (d) (4, XPSf-?5r§t^7 

7ffe5, 

[EI2 3] (a) ~ (d) 14. 

[EI2 4] (a) ~ (d) 14, XPS7-^^t^7 
7ffc5 0 

[02 5] (a) ~ (e) (4. X P S Z^-t?7 

-7X-tht> a { f ) i4ia^jts-^i-^EJ-efc5, 

[Ei2 6] (a) ~ (d) (4, m&^mm^^-r^y 

7T-A5. 

[02 7] (a) ~ (d) (4, fc*#wis*£*-r^7 

[Ei2 8] ia,«}sfet^^-r^7 7T"fe5o 

[EI2 9] (a) (4^S^LW^-g-(;*3lt5ie^g|5»S- 
^TEM^HS: h U—X LfcffffiEl, (b) f±JHJ£<7) 
ff^ftS 1 mim.Uft*^i-T EM^KSr h L"- * Lfdfrffi 
El T- S 0 

[EI3 0] (a) ~ (c) 14, fcb^i b"C^"t"T EM? 
KSr h LfctfffiEIT-fo-5 0 

[113 1] (a) ioi.Xl (b) f4TDDB&Mti = 
X A £^-ri#ej!E|-C-fo 5 0 



[EI32] (a) fcilO 5 (b) (4T D D B fa±<D? 1 13 ~ 

xa z^-rmwrnxh s 0 

[EI3 3] TDDB#^^t^7 7ffc5o 

[E13 4] *&WcomM<DBmL2XhZ¥m#:Mm\2i& 

[EI3 5] ilftii^C uIS^<7)ffMlc:ffll,>^CMP^H 
<F>— gp Sr^-rMB&EIT-*) 5. 
[EI3 6] C uJg<7>^#ffi&*-rCMPSe<^B&EI 

[El 3 7 ] HJfcW^ffi 2 W^#:*«lHliSagBwK^ 
ffiS:^i-¥^»S«<^^gP»fffiEir-fo 5, 

[EJ3 8] (a) i4, m&vmm 2 C0^#:*aiHligg 
S^Sit^ffiSr^-r^^SSOggB^ESEI, (b) (4 
IDC<^la5®fgDEIT-fc5 0 

[03 9] l?lSW®fii2W^ff*«EiS^» l 7?M^ 

m * vkir¥mtemtii<D mum mm x h z . 
[Ei4o] (a) (4, nM<nMm2v*mteMmi5i&m 
mnmmxmz^-t^m&mfo^mnw-ffim. (b) 14 
mc<mummmxh?,o 

[El 4 1] ^JS<7)^flg2(7)^«»*WlH]Sg^BcO»l^ 
& 4r*i-^(*:SSwSg|5»fffiE|-efo 5„ 
[EI4 2] (a) [4. ^JS(D?gfli2cO^^*?|[Hl?S^ 

wnm^&&^i-¥m#-mfa<Dm^mm. (b) (4 
ia)C<sa»ffiEl-efcs, 

[EI4 3] ^Wff^flS2 0#«fr*«lHlSg^g(D»i5t* 

[E14 4] TDDB##^ft^77tJt,5, 

[El 4 5] ^»Wff^3<D^ft:*ffl[|H]SggttwSa^ 

[EI4 6] TDDB#A^Tt^77f*)5 t 

[El 4 7] ^JS<7?^fi|4(0*«ft:««[o]Sg^gc75Mit^ 

[04 8] (a) f4. mmmmAn^w-mmm^m 

[049] nm<r>wm4(D^m»mm^'mm(Dmm^ 
m * ^i-^m^-mm <omm mm x h s . 

[05 0] *^w<Dm<T>nmmm<n*mvfmm\3±'&'-m 
&<nmm*mz^i-*m#-&fo<Dmmmmxhz>* 

[05 1] *^PJCOteC9^J£(73^SiO#2»ffmaiHl^ 
[05 2] (a) 14, <tiWllS£cD^<7>^ffc£|;ffl[a]Sg 

mwcomm^m^-f^vtrnm^miw-mm, (b) 
(4i^ c- < mtmmmxh 5„ 

[05 3] *%0^<O<dl(O||1ife<7)ff^(O^«fr*ffifHlSS^ 

10 5 4] *&w<ni&<Dnmmm<D*m-i$mmm&m 
w<n^i? ; m*^*mw-&WL<nmmmmxfrz>< > 

[05 5]S0Sa«. TA- 5-? Affile 
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5 0 

[156] «-te3SS:ffofcB<0«IEi»tf^$*4x*->y 
[15 7] ffl»ii*«E*ro«ei»=*»t5»*tt^yT 
[05 8] TDDB4«40*«tt^yrB!Ji[$tt?HtSr 

[115 9] itil^DTIgiilV^fcil/IJlOn 
m*iS CO^-g- |^*J (t 5 T = -Jt-mmfe ©TDDB £ 
^t^77ffc^„ 

[160] (a) &£Tf (b) 14, *&W<Dm<DMM<D 

[126 1] (a) tt2MBW«>ll«E«?»(!i-e*)5*gH*c* 
«ElK*«©*jtxm«fi»ra3«t59ISBspffiBI, (b) 14 

(a) ©A-Ai©BrIlf*5 0 

[062] (a) ttl3 6 1K«<¥***8HhIK*11<0 
«5txe«f^*3»t4SSSSFffiBI, (b) (4 (a) «A- 

[063] (a) ttl6 2ti< ^«^*WlHl^^Bro 
®H£XS c PU:}3t*-5gS[5¥ffi0, (b) f4 (a) (DA- 
A&<DW(ffiWlX&>Z 0 

[06 4] (a) (40 6 3\^m<*m>vt$km\m?&mm<r> 

M3tXm^t3*3!4S^g|5¥S0, (b) f4 (a) <DA- 

A&%<om&mx'hz> 0 

[06 5] (a) (40 6 4izm<*mftMmm&mm<z> 

^Xm4 3 liSo(t^.^g|5^ffi0, (b) (4 (a) <DA- 

[06 6] (a) «:**WOlSJfc<0«lB-e«)S#ilW*:* 
«EI!SKit<0«JexS«Plca3J-J-5KSBspffiH, (b) 14 

(a) <r>A-Am<Dmffimx'hz>, 

[06 7] ( a ) 140 6 6 \Z» < ^««:*a!l|gggB» 
SSitX^^I^*5lt5SgB¥B0> (b) (4 (a) <DA- 

Am<ommmx'h^>c 

[06 8] (a) (40 6 7 \zut< ¥mttmmm&mm<o 

KiSXStf (C*3(tSSgB¥ffi0, (b) (4 (a) COA- 
A^COffffi0T'fcSo 

[06 9] ( a ) (40 6 8 \zgt < ¥***«0ifg^B<73 
»5bfX&*K::l3tt5KSB¥EBU (b) 14 (a) <DA — 
A»CO^fffi0-C*>-5 o 

[07 0] (a) (40 6 9tO^<¥£ft:*Si[eHS&3£fi<E> 
MitX^4>lrjo(t^SS|5¥ffi0. (b) (4 (a) COA- 
Al©»fffiET'J)5 0 

[07 1] (a) (40 7 O(C^<^*ft:««0?g^Bro 
SiigXS4"(r*3(t^gS63pg|gl, ( b ) (4 (a) <DA- 

A^W»fffi0T-*)So 

[07 2] (a) lii7il;t< *^»*S0SS^B(O 
M^Xm c f't;iolt^Sg|55pffi0, (b) 14 (a) (DA — 

Af&iDmmmx'tbZ), 



[073] (a) (407 2\zm<^mi$mm^mm<D 

8t56XS«t»l-*5»t*»fflSPffiBI. (b) (4 (a) (DA — 

A%k<Dmwmx"hz><, 

[07 4] (a) (40 7 3(aft<*^#««[[o]St£EfiO 
Rifilg't'KfcttaSffisPffiB. (b) (4 (a) <DA- 
A»(O»fE0-efc-5o 

[07 5] (a ) (40 7 4icm<¥m-&Mm\£}&mw<D 

SiaSXg>t'{r*3(4-5SgB¥ffi0. (b) (4 (a) 60 A- 
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